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The hom e range, habitat use, food habits, and dens of black bears {Ursus 
americanus)  w ere  investigated using radio te lem etry  and observations of 
feeding bears. M y study concentrated on tw o  adult fem ale bears and their 
cubs during 1980 and 1981. The results w ere  to be compared with data 
collected on grizzly bears {U, arctos)  in the same area. The ranges of two  
adult fem ales  overlapped during the berry-producing season in 1980. 
During 1981, an abundant food year, very little range overlap occurred. In 
1981 both fem ales  had cubs, and their ranges were overlapped by several 
other collared females.
The partial hom e ranges of the two adult males were larger, and they  
also overlapped those of all the collared females in 1981. Four collared  
bears w ere  legally killed during the study; three were males; three were  
subadults.
Black bear food habitats show a transition from leafy forage to berries by 
early July. M eat is used primarily in the spring; insects are used in the 
sum m er. The diet of the cubs closely followed that of their mothers, except 
that the cubs tended to use lo w er-g ro w in g  shrubs during the berry season. 
Bears used the  forested, shrubfield, habitat type m ore than its availability; 
they used cutting units, open sidehill parks, and ta lus/scree/rock  
com ponents, less than their availability.
Dens w ere  located for all collared bears; most were ground dens under 
logs. A rock cave den and tw o  tree dens were also located.
M in im al food habits data on the grizzlies during 1981 show a close 
parallel with black bears habits, except for greater use of roots. My black 
bears w ere  not found to dig roots, but used insects more extensively. Black 
and grizzly bears w ere  observed in close proximity during the study, 
primarily in highly productive berry patches.
The phenology of bear foods, cambium feeding, and tree denning are also 
presented for com parison with other areas.
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Chapter 1 
IN TR O D U C TIO N
Black bears {Ursus americanus)  occupy approximately 101,000 km^ of 
M ontana (Greer 1979a, NPS 1981). Their distribution coincides closely with that of 
the  coniferous forests of w e s t-c e n tra l  and western Montana. Black bear densities 
are highest in the northw estern  part of the state and decrease to the south and 
east Greer (1979b) considered the Montana population stable.
The Montana D ep artm ent of Fish, Wildlife and Parks (MDFWP) manages black 
bears as gam e animals. Seasons vary from spring and fall hunting in the northwest
(Region 1), to a s p r in g -s u m m e r-fa l l  hunt in the southwest and central parts of
M ontana (MDFWP 1984). Cubs and fem ales with cubs are protected. The running of 
bears with dogs, and baiting are illegal. A black bear perm it is required, but
hunters w ere  not required to report their kill before 1985. As a result, the age and 
sex distribution of harvested bears from  the various sub-populations in the State  
are unknown. In 1984, MDFW P requested that successful hunters submit a 
prem olar tooth for aging purposes (MDFWP 1984). Tooth extraction was required 
from  1985 to 1987.
Black bear hunting is secondary to that of other big gam e species in 
Montana, except during the spring bear season. Nonetheless, bears have been  
given a low  priority in m a n ag e m en t and research. Detailed information on
population densities, habitat use, productivity, dispersal and annual harvest rates
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are thus lacking for the various populations in the State (Greer 1979b). Jonkel and 
Cowan's (1971) study on Big Creek in the North Fork of the Flathead River drainage  
remains the only com prehensive  black bear study to date in Montana. Aune and 
Stivers (1981, 1982, etc.) and Kasworm (1984) have collected data on collared black 
bears incidental to grizzly bear {U, arctos)  studies on the East Front of the Rocky 
Mountains and the Cabinet Mountains of Montana, respectively. The results have 
only been partially reported at this tim e. Rosgaard and Simmons (1982) and 
Swenson (in press) report some prelim inary results of an ongoing black bear study  
in the Big T im b er  area of w e s t-c en tra l Montana.
In 1980 I began a black bear study in the North Fork of the Flathead River 
Valley in cooperation  with the Border Grizzly Project, University of Montana. The  
data w ere  to be com pared with grizzly bear data gathered from the same study 
area. This thesis contains the results of w ork done during the black bear phase of 
the study. The individual chapters are written as separate papers, resulting in 
some duplication.
Chapter 2
HO M ERA NG ES, FOOD HABITS A N D  HABITAT USE BY FEMALE  
BLACK BEARS IN N.W. M O N T A N A
Black bears {Ursus americanus)  inhabit most of the forested lands of North 
Am erica  from  Mexico north to Alaska and Canada (Burk 1979). In Montana, the 
bear's distribution closely parallels that of the coniferous forests. Black bears 
occupy approximately 98,420km^ (29%) of Montana, excluding the national parks 
and Indian lands (Greer 1979a). Glacier National Park (GNP) contains an additional 
2590km ^ of occupied lands (NPS 1981).
With in the last 20 years, bears, especially black bears, have gained increasing  
recognition as an im portant big gam e species in Montana. Until 1967 one bear, 
either black or grizzly {Ursus arctos), could be taken on a big gam e license. A 
grizzly bear hunting license was established in 1967 followed by a black bear 
license in 1971 (Greer 1979b). In 1976, a new non-res ident big gam e license was  
initiated. One black bear could be taken on this license as well as a deer
{Odocoileus  spp.), elk {Cervus elaphus), birds and fish. However, the resident black
bear license requirem ent was not altered.
Hunting seasons have traditionally  extended from April through November. 
H ow ever, some districts in the extrem e w estern  part of the State have been closed 
to bear hunting during the sum m er m onths. In 1984 tooth extraction was
requested  of all successfull black bear hunters, but was not mandatory. In 1985
tooth  extraction from harvested bears was m ade m andatory for a 3 year period.
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The black bears historically low status as a big game animal has resulted in 
a lack of complete harvest data and a scarcity of research data on the State's bear 
populations. Management of bears has come into question in some areas of the 
State, resulting in the initiation of additional research projects (Rosgaard and 
Simmons 1982, Swenson In Press). Black bear data has also been collected during 
grizzly bear studies on the East Front and the Cabinet Mountains of Montana (Aune 
and Stivers 1981 and 1982, Kasworm 1984). Jonkel and Cowan (1971) remains the 
only comprehensive black bear study to date in the northwestern part of Montana.
This study was initiated in 1980 in the North Fork of the Flathead River 
(NFFR) Valley of northwestern Montana and southeastern British Columbia (BC), 
approximately 43 km north of the Big Creek study area of Jonkel and Cowen 
(1971). The study area included the northwest corner of GNP. The study period 
extended from 1980 to 1982, during which time data were gathered on a number 
of bears but work was centered on two females.
STUDY AREA
The NFFR Valley (Fig. 2-1) consists of a broad floodplain and benchiand, 
bordered by the Whitefish Range to the west and the Livingston Range to the east. 
The River originates 43km north of the International Border in BC, Canada, and 
flows southeastward to its junction with the Middle Fork near West Glacier, 
Montana. In Montana, the River forms the west boundary of GNP, and was 
designated a Wild and Scenic River in 1976 (USDA For. Serv. 1980).
The Valley is approximately 6 km wide at the Border, and the floodplain
North Fork
. Flothood ^  RIvor
• wrnhom 0««k
BRITISH COLUMBIA
MONTANA Glocioiv National Po
C A N A D A
KILO M ETERSM  I LES
M O N T A N A
ID A H O
Figure 2 -1 : North Fork of the Flathead River Study Area.
elevation at this point is 1214 m. Elevations on the study area range from 1158 m 
at the mouth of Trail Creek to over 1500 m in the adjacent foothills. Mountain  
peaks in the Whitefish Range exceed 2000 m, and many peaks in GNP exceed 3000  
m in elevation.
Tertiary sedimentary deposits overlain by glacial deposits are characteristic 
of the NFFR Valley. Sharp, jagged peaks, high cirque basins and deep U-shaped  
valleys formed by Pleistocene glaciers shape the higher valleys and mountains, 
particularly in GNP. The large lakes on the west side of the Park were formed by 
glacial moraines as the glaciers retreated. For a more detailed description of the  
geology of the study area see Alt and Hyndman (1972).
The study area is primarily under a Pacific Maritime climatic influence, but 
continental polar air from east of the Continental Divide frequently influences the  
area during the winter. Mean temperatures vary from 16°C in July to -8 °C  in 
January (Pfister et al. 1977), at Polebrigde, Montana, 35.5 km south of the Border. 
Mean annual precipitation is 61.7 cm at Polebridge (1962-1982 data compiled from  
Climatological Data Annual Summaries, Montana. NOAA National Climatic Data 
Center, Asheville, N. Carolina). Most precipitation falls as snow, and snow can 
occur during any month but usually persists from November through April in the  
Valley. Mean annual spring (1 April) snow depth is 76 cm at Kishenehn Patrol 
Cabin, GNP (calculated from 1946-1983 Snow Survey Data, Soil Conservation 
Service, Bozeman, Montana).
The vegetation of the NFFR Valley is dominated by the spruce-fir {Picea 
engelmannii/P, glauca -  Abies lasiocarpa) forest type. Much of the study area
consists of f ire - in d u ced  serai plant com m unities  dom inated by lodgepole pine 
(Pinus contorta)  interspersed with w estern  larch (Lar ix  occidentalis).  Mesic sites 
are characterized by spruce, trem bling aspen {Populas tremuloides)  and black  
cottonw ood (P. trichocarpa).  Understory plant species are varied and abundant on 
all sites except dense, young pine stands and m ature, old age spruce stands. Open  
m eadows and serai shrub com m unities occur on the river floodplain, higher  
elevation south aspects, ridgetops and avalanche chutes. For a thorough  
description of the  vegetation of the NFFR Valley see Habeck (1970), Koterba and 
Habeck (1971), Allen (1980) and Lee (1983).
Land ownerships in the Valley include the National Park Service, Forest 
Service, State of Montana, private and BC Crown lands. Resource m an ag em en t  
practices range from total protection in GNP, to intensive m anagem ent of forest  
and mineral resources. Since the outbreak of a mountain pine beetle  
{Dendroctonus ponderosae) epidemic in 1975 (USDA For. Serv. 1979), t im b er harvest 
has increased dramatically on National Forest, private and particularly on Crown  
lands. Mineral exploration is also increasing; seismic exploration occurred on the  
study area during 1 9 8 0 -1 9 8 2  in the US and during 19 81 -1 9 8 2  in BC. Resource  
developm ent will undoubtedly continue to increase as greater dem ands are placed  
on the nation's dwindling resourses. A general discussion of current and potential 
m anagem ent activities on the Glacier V iew  Ranger District of the Flathead National 
Forest and adjacent lands can be found in USDA For. Serv. (1981).
The core study area extends from Trail and Kintia Creeks north to Couldrey  
Creek in BC. Field w ork was concentrated within this area, primarily in the Valley
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and adjacent foothills. The overall study area, however, was determ ined  by the 
m ovem ents  of radio-collared black bears.
M E TH O D S
Black bears were captured with Aldrich leg-hoid  snares (Aldrich Anim al Trap  
Co., Clallam Bay, Wash.). Snares w ere  set in cubby an d /o r  trail sets (Flowers 1977) 
with m eat (road kills, butcher scraps, etc.) used for bait. Tw o subadults w ere  
drugged in their dens during March 1981 and 1 adult fem ale  was treed and 
drugged during July 1981.
Bears w ere  immobilized with a com bination of phencyclidine hydroch loride -  
prom azine hydrochloride (Serny lan-Sparine) or ketamine hydroch loride-zy laz ine  
hydrochloride (Ketaset-Rom pun). Drugs w ere  administered by Palmer C a p -c h u r  gun 
(Palmer Chemical and Equipment Co., Douglasville, Georgia) or ja b -s t ic k  during 
1980, and by blowgun thereafter (Chapter 5).
Captured bears were m easured and ear tagged. A prem olar tooth  was
extracted from each bear for age determ ination by cem entum  annuli counts
(Matson's Audiovisual and Microscopic, Milltown, Montana). Telonics radio collars
(Telonics Inc., Mesa, Arizona) w ere  fitted on all bears except cubs and yearlings. 
Tw o subadults were fitted w ith  expandable collars that had rubber innertubing as
the expandable section of the collar. Collars transmitted in the  1 6 4 -1 6 5 .0 0 0  MHz
frequency range. All bears w ere  released at the capture site.
Radio-collared bears w ere  located as often as possible throughout the field
season by triangulation and close range ground tracking. Close range tracking was
done so as to m inim ize disturbance to the bears. Visual observations were m ade  
when possible. Night locations w ere  taken by triangulation in order to locate bed 
sites.
Bear locations w ere  plotted on 7.5 m inute USGS topographic maps. Universal 
Transverse M ercator (UTM) coordinates w ere  recorded for each location. H om e  
range data w ere  analysed on the University of M ontana D E C -20  com puter system  
using a program  (Harestad 1980) based on the  convex polygon m ethod (M ohr  
1947). The program will display any percentage of the total hom e range of a bear 
by elim inating the points that are m ost distant from  the center of activity o f that  
bear (Harestad 1980). During this study I chose to use 90%  to elim inate m ost  
outlying points, and 50%  to show centers of intensive use.
The inadequacy of distinguishing bear scats by species has been discussed  
by Ham er et al. (1981) and Shaffer (1971). Once a collared black bear left a 
location site, the area was visited to collect scats, m easure bed sites and record  
habitat data. Radio location data, observations and field sign allowed a lm ost  
positive identification of black bear scats. W ith a few  exceptions, involving d irect  
observations of uncollared black bears, only scats from collared bears w ere  
collected.
Food habits were determ ined through scat analysis. Scats w ere  air dried  
during the field season to  preserve them  for later lab analysis. In the lab they w ere  
re -hydrated  overnight and washed through various fine m esh screens (Tisch 1961). 
Visual estim ates w ere  m ade of the percent vo lum e of each food com ponent in the  
scat. The data were recorded, coded and analysed using the Montana State
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University com puter  system. Cam bium feeding data were collected as described in 
Appendix J.
Habitat use data were collected and recorded during visits to location sites. 
The general habitat com ponent of the site was determ ined and recorded fo llow ing  
Zager et al. (1980), with some m odifications (Appendix I). Habitat availability was  
determ ined by the use of a grid of random  points overlaying the study area on 
USGS topographic maps (Marcum and Loftsgaarden 1980). The habitat co m p o n en t  
of each random  point location was determ ined  by the use of aerial photographs  
and knowledge of the study area. Data w e re  analyzed using a C h i-squ are  test of fit 
and Bonferroni's simultaneous confidence intervals (Miller 1966).
Circular 375m^ plots (Pfister et al. 1977) w ere  established in various habitat 
com ponents to include a variety of plants considered to be bear foods (Servheen  
and W ojciechowski 1978). Not all plant foods used by bears in this study w ere  
included in the phenology plots but a representative sample was included. Plots 
w ere  m onitored bi-weekly, and the phenological stage of deve lopm ent of each  
plant species was recorded throughout the field season (Chapter 3). Bear food  
habits, as determ ined by scat analysis, w ere  compared to plant phenology and 
nutrient content, as determined from the  available literature.
RESULTS A N D  D IS C U S S IO N
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Home Range
Fifteen individual black bears w ere  captured during the study period  
(Appendix B), and 6 were recaptured at least once. Ten bears w ere  rad io -co lla red  
for varying lengths of tim e during the study. Four bears w ere  legally killed by 
hunters and one died as a result of capture.
Location data were obtained on all collared black bears on a daily basis if 
possible. However, efforts were concentrated on tw o  fem ales (Nos. 82 and 364)  
collared in 1980. Both bears had cubs in 1981. Figs. 2 -2  and 2 -3  show the  
seasonal and total home ranges of these tw o females during 1980 and 1981. Both 
females dropped their collars in the den during the spring of 1982.
Bear No. 82 had a home range of 70.3 km^ (50% = 15.6 km^) during 1980 (15  
July-denning). Bear No. 364 had a 1980 home range of 18.0 km^ (50%=3.1 km^) 
(10 July-denning). The hom e ranges of these tw o  fem ales overlapped primarily  
during the late sum m er berry producing season (Fig. 2 -2 ). W hereas fem ale No. 364  
maintained her home range primarily in the foothills of the W hitefish Range, and 
she rarely used the area east of the North Fork Road, fem ale  No. 82 used the  
benchlands and NFFR bottom lands extensively. Bear No. 82 apparently  moved into  
the  home range of fem ale No. 364  to take advantage of the abundant berry crop, 
primarily globe huckleberry {Vaccinium globulare), that was available on the h igher  
elevation slopes west of the Road. At this time she stayed prim arily on the ridge  
between Ketchekan Creek and the NFFR, as did fem ale  No. 364. However, ne ither  
bear was found in close proximity to the other during this period. M utual 
avoidance in the form of tem poral separation was apparently in e ffect to facilitate  
the use of the available habitat by each bear.
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Bear Nos. 82 and 364 both had cubs during 1981. Their 1981 home ranges, 
and areas of concentrated use, were similar in size, with very little overlap  
occurring throughout the year (Fig. 2 -3 ). Bear No. 82 had a total home range of 
44.1 km^ (50% =2.7 km^) and No. 364's home range was 44.2 km^ (50%=2.1 km^). In 
studies that have docum ented the home ranges of fem ale black bears w ith and 
without cubs, it was found that females with cubs were m ore sedentary, especially  
during the spring, than were lone females (Garshelis et al. 1983, Rogers 1987).
Both adult fem ales had cubs with them  during 1981 when virtually no overlap  
in home ranges occurred. The reasons for the change in m o v e m e n t patterns from  
1980 by fem ale  No. 82 w ere  not clear. The distribution and abundance of food, age, 
sex, social relationships and reproductive status of individual bears all probably  
influence the m ovem ents  (Garshelis et al. 1983), and thus the intraspecific  
relationships of a given population. During 1981 the berry crop in the study area  
was the best it had been throughout the study period. In particular, buffaloberry  
(Shepherdia canadensis) and wild strawberry (Fragaria  virginiana)  w ere  very  
prolific. Both species w ere  abundant within the low elevation home range of 
female No. 82. These tw o  species, and kinnikinnik (Arctostaphylos uva-ursi), dw arf  
huckleberry {Vaccinium caespitosum), Oregon grape {Berberis repens) and alder  
buckthorn {Rhamnus aln ifolia)  berries were m ost frequently used by this bear and 
her cubs. However, fem ale  No. 364 and her cubs used primarily globe huckleberries  
as she had in 1980. Had the berry crop been less abundant in the low elevation  
sites during 1981, fem ale  No. 82 may have m oved once again into the range of 
female No. 364 to take advantage of the huckleberry crop within her range.
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The use of exclusive h o m e -ra n g e s  (territoriality) by fem ale black bears has 
been discussed by Young and Ruff (1982) and more recently by Rogers (1987). 
According to Rogers (1987) fem ales in his M innesota study area had the exclusive  
use of a territory and defended it from  other females during the spring and early  
summer. Long distance m ovem ents  out of the territory were com m on during the  
late sum m er and fall berry producing season. Data from  this study w ere  
insufficient to confirm or deny territoria lity  In Montana bears. However, Jonkel and  
Cowan (1971) discussed the exclusive use of homeranges by fem ales in the ir  Big 
Creek study area. An extensive study of the m ovem ents and behavior of black  
bears in M ontana is needed in order to determ ine how females interact socially.
A lthough the hom e-ranges  of Nos. 82 and 364 did not overlap in 1981, the  
ranges of several other fem ales that were  collared for varying lengths of t im e  did 
overlap both their ranges. One adult and tw o  subadult fem ales (Fig. 2 -4 )  
overlapped their  ranges to varying degrees in 1981 (Fig. 2 -5 ),  but, the ir  ranges  
w ere  incom plete  so that the extent of overlap is unknown. None of the fem ales  
w ere  located in close proximity to one another during the study.
The ho m e-ranges  of o ther collared fem ales are incom plete  due to  
malfunctioning or dropped rad io -co llars  (Fig. 2 -4 ).  Female No. 553 had a late 
sum m er/fa ll 1981 home range of 75.4 km^. An extensive tem porary  m o v e m e n t  
north into Canada during fall substantially increased the size of her range. She 
had an unkown number of cubs in her den during spring 1982 but she dropped her 
collar shortly after den em ergence. S u b -ad u lt  fem ale No. 459 had a s p r in g /s u m m e r  
1981 hom e range of 35.1 km^. Her signal was last heard south of her hom e range
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but an accurate location could not be determined. Apparently  her collar  
malfunctioned and /or she dispersed from  the area; she was never located again. 
Sub-adult fem ale  No. 555 was located 17 tim es  before she dropped her collar on 4 
A ug.1981. Her m id -s u m m er range was 2.2 km^ Fig. 2 -5  shows fem ale  h o m e -  
ranges, during 1981, superimposed on the study area. S ub-adu lt  fem ales are  
known to stay in and later occupy part of the ir  natal hom erange (Rogers 1987, A lt
1978). Thus, the  young females captured during this study were  probably residents  
that were residing in or near their natal h o m e-ran g e . However, the data co llected  
on them  w ere  insufficient to determ ine the ir  life histories.
Partial 1981 hom e-ranges for tw o adult male black bears are shown in Fig. 
2 -6 . Bear No. 551 had a sum m er/fa ll hom e range of 79.8 km^ which included an 
extensive fall m ovem ent north into Canada, similar to that of fem ale No. 553. He 
dropped his collar shortly before denning in Nov. 1981. Male No. 558 had a 
sum m er/fa ll hom e range of 120.6 km^, and dropped his collar at the den during  
spring 1982.
Several authors (Jonkel and Cowan 1971, LeCount 1980, Reynolds and 
Beecham 1980, Garshelis and Pelton 1981, Young and Ruff 1982, M anville  1983, 
Rogers 1987) found that the  h o m e -ra n g e s  of adult male black bears w ere  
significantly larger than and encom pass several female ranges. The m ating range  
of males in Rogers (1987) study included parts of 7 to 15 female territories. The  
limited data collected on collared males during this study agree with that finding. 
The partial ranges of both males overlap all the  female ranges to som e extent.
Four black bears, three males and one female, were legally killed by hunters
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during the study (Fig. 2 -7 ) .  Only one bear was an adult; the other three were sub ­
adults. One male was killed during the spring hunting season; the other three  
bears were taken during the fall. No known illegal kills of radio collared bears  
occurred during the study. In 1980, sub-adu lt male No. 86 was killed 48.3 km  
southeast of his last location, approxim ately 43 days a fter  his collar m alfunctioned. 
S ub-adult female No. 456 dropped her collar tw o days after capture and was killed 
five days later near the capture site.
Sub-adult male No. 458 and adult male No. 396 w ere  collared for varying  
lengths of time in 1980. No. 458  was killed on 12 S ep t.1981 just north of the  
Border in BC; he had dropped his collar in the den during spring 1981. Male No. 
396 was collared in Red M eadow  Creek in spring 1980. Due to a change in study  
area to the NFFR Valley at the Canadian Border only 6 locations w ere  obtained on 
this bear before his collar m alfunctioned during sum m er 1980. He was killed by a 
hunter on 19 May 1981 in Hay Creek.
All four bears that were killed were shot within approxim ately  50 m of a 
road. However, adult male No. 396  was shot by a hunter w ho was on foot w hile  
the bear was walking down an old overgrown logging road. The three su b-adu lts  
killed by hunters were shot in close proximity to w e ll - tra v e le d  main or secondary  
logging roads open to public vehicle use. Alt (1978) and Rogers (1987) have  
documented the dispersal patterns of sub-adult male black bears; their relatively  
high harvest rates may be attributed to these m ovem ents . A lthough female young  
do not disperse from the natal hom e range (Alt 1978, Rogers 1987), a fter  
separation of the family, the young may be m ore suseptable to hunting m orta lity
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due to greater m ovem ents  (males) and unfam iiiarity  with the habitat (m ales and 
females). Males are especially suseptable during dispersal m ovem ents  w hen they  
may encounter numerous roads (Manville 1983). Although young fem ales  are 
familiar with their natal home range, part of which they may acquire, m ales m ust  
travel through tota lly  unfamiliar habitat to find a vacant area in which to live. A 
stable home range for these animals may not occur until full adult size is attained  
if they live in stable, o ld -aged  populations. Therefore , they may have to continue  
to  travel through and use marginal habitats that expose them  to g rea ter  hunting  
pressure.
Food Habits
Fig. 2 -8  illustrates the seasonal food habits of black bears in the study area. 
The data were collected primarily from  fem ales Nos. 82 and 364 and the ir  cubs, 
during 1980-1981; they had tw o  and three cubs respectively duing spring 1981. All 
five cubs survived to spring 1982. Figs, 2 -9  and 2 -1 0  illustrate the food habits of 
Nos. 82 and 364 and their cubs. A lthough scat analysis generally reflects bear  
food habits, some foods may be overlooked due to variations in digestability. This 
fact was clearly dem onstrated in this study by bear No. 364. In June 1981 she 
frequently fed on tree cam bium  (Appendix J), how ever, scat analysis show ed no 
evidence of use of this food item (Appendix F). O ther food items m ay be under  
represented in scat data for similar reasons. How ever, I believe that this bias can 
be overcome through c lose-range tracking of collared bears and close inspection  
of feeding sites. The food habits data presented here, in my opinion, closely  
represent what the bears were  actually eating, w ith  a few  exceptions.
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Plant phenology data (Fig. 2 -1 1  and Appendix H) and scat data (Fig. 2 -8 )  
indicate primarily tw o  feeding seasons, grass/forb and fruit, w hich were used to  
describe the seasonal food habits of black bears in this study. The availability, 
palatability and nutritional content of vegetation is determ ined by the seasonal 
developm ent (phenology) of the plant. Plant phenology is influenced by clim ate and 
topography. Early snow m elt, southern exposures and warm  tem pera tures  advance  
plant developm ent while heavy snow accumulations, late snow m elt, northern  
exposures and cool tem peratures all tend to delay plant d eve lop m ent during spring  
(Chapter 3). Fig. 2 -1 1  illustrates the general availability of bear foods in low  
(< 1 3 0 0  m) and high (> 1 4 0 0  m) elevation phenology plots during 1981.
The grass/forb  period, approxim ately den em ergence to  early July, is 
dominated by the use of graminoids, horsetails {Equisetum arvense) and forbs. 
Sizem ore (1980) and Eagle and Pelton (1983) indicate that herbaceous m aterial is 
relatively high in protein but is also high in fiber content. Foods with high fiber  
contents are generally  undigestible by bears and stable or decreasing w e ig h t  
ususlly occurs during the grass/forb  feeding period (Jonkel and C ow an 1971, Eagle 
and Pelton 1983, Rogers 1987). Plants in the early stages of g row th  (p re -f lo w er in g )  
are higher in protein content and nutritional availability than are flowering plants. 
Protein content drops, and f iber (cell wall content) increases with advanced  
phenological deve lopm ent (S izem ore  1980). Bears must therefore forage on lush, 
early grow th of grasses and forbs in order to maximize their nutritional intake 
during the early grass/forb feeding period (Hamer et. al. 1977, Craighead et al. 
1982)
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The berries of shrubs and forbs dom inate  the fruit period, from early July to  
denning. Berries are relatively low in protein, m oderate  in fiber and high in 
carbohydrates (S izem ore 1980, Craighead et al. 1982, Eagle and Pelton 1983). 
Absorption of the carbohydrates in berries by black bears is fairly substantial as 
indicated by the decreased carbohydrate content in food items and in scats of 
those food item s (Eagle and Pelton 1983). The high level of available energy  
(cabohydrates) in berries, especially huckleberries and buffaloberries, provide the  
nutrition by which bears rapidly gain weight. Observations of both black and  
grizzly bear scats indicate that they prom ptly switch to  berries when they becom e  
available. I found bear scats with unripened fruit in them  during late June to  early  
July, before any of the fruit were ripe anyw here  in the study area. Apparently, 
bears w ere  anticipating the ripening of the fruit and w ere  tasting som e of the  
berries.
Gram inoids w ere  im portant to black bears during early spring in the  NFFR 
study area. Forbs and Equisetum increased in im portance through June. During  
July, berry producing shrubs and forbs becam e im portant, and insects, prim arily  
ants, w ere  used m ost extensively. During the  grass/forb  period c re a m -f lo w e re d  
peavine {Lathyrus ochrolucus), dandelion {Taraxacum offic ianale)  and cow  parsnip  
{Heracleum lanatum)  were the im portant forbs used. Im portant berry producing  
shrubs w ere  buffaloberry, globe huckleberry and kinnikinnik. Wild straw berry was  
the m ost im portant berry producing forb used during the fruit period.
The general food habits presented in Fig. 2 - 8  are broken down by individual 
bear in Figs. 2 - 9  and 2 -1 0 .  Grasses and sedges w ere  im portant foods during the
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early spring (den em ergence through May). During the grass/forb  feeding period  
bear No. 82 used c rea m -f lo w ere d  peavine and dandelion extensively, while bear 
No. 364 ate co w  parsnip and to  a lesser extent peavine. Female No. 82 also used 
m amm als (m eat) m ore than fem ale No. 364 during this period but No. 364 m ade  
more use of horsetails.
During the fruit period fem ale  No. 364 ate primarily globe huckleberries with
buffaloberry, kinnikinnik and alder buckthorn taken to a lesser degree. However,
fem ale No. 82 ate buffaloberries followed by dw arf huckleberry, alder buckthorn  
and re d -o s ie r  dogw ood. The increased use of forbs by fem ale  No. 82 during the  
late sum m er and fall is due to her use of an abundance of c rea m -flo w ere d  peavine  
on the low er elevation benches that she inhabited in 1981.
The general food habits of the cubs of both females (Figs. 2 -9  and 2 -1 0 )  are
almost identical to  those of their mothers. The cubs of fem ale  No. 82, how ever,
preferred different species during the berry season, utilizing lower growing shrubs 
such as kinnikinnik, and Oregon grape {Berberis repens) to a greater extent than  
did their m other. The cubs of female No. 364  used essentially the same berry  
producing shrubs as did their mother, with globe huckleberry being the dom inant  
berry in their diets.
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Feeding Behavior
Bears in this study w ere  strictly diurnal. They w ere  active all day, from  one  
hour before sunrise to one hour a fter sunset. No locations indicated activity by any  
bear during the  hours of darkness. With only tw o  exceptions, none of the daytim e  
locations indicated inactivity (i.e. bedded down) by any bear except for  
approxim ate ly  tw o weeks fo llow ing den em ergence and proceeding den  
im m ergence. During 20 and 8 observations of females Nos. 82 and 364, 
respectively, (Appendix C), neither bear seem ed to pay any attention to her cubs  
except to keep track of the ir  w hereabouts  and to tree them  when danger w as  
im m inent (prim arily the presence of the researcher). Nearly all the observations  
involved feed ing  by the fem ale  and feeding a n d /o r  playing by the cubs. Even w hen  
the cubs tried to initiate play with the fem ale, she virtually ignored them  until th ey  
left her to continue feeding or playing on their own.n their own.
W hile feeding, the cubs seem ed to  pay close attention to w hat their m o th er  
w as doing, som etim es a ttem pting to grab the same grasses, forbs or berries she  
was eating. During observations of the  fem ales tearing up decayed logs and  
stumps, the cubs som etim es m im icked her behavior, attem pting to tear at the  
sam e log and eat the ants tha t w ere  inside. On tw o  occasions, female No. 82 w as  
seen feeding on berries of shrubs m in height (buffaloberry and re d -o s ie r
dogwood). She sat up on her haunches and pulled the branches full of berries  
tow ard  her w ith  her paws. She ate the berries and then repeated the process until 
all the branches within her reach w ere  depleated of berries. She then m oved to a 
new  location and repeated the process. The cubs could not reach the berries, but
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during both episodes they a ttem ped to stand on their hind legs and pull the  
branches tow ard them  with their paws as their m other had done, usually with little 
success. They usually retreated to  lower grow ing shrubs on which they could  
easily feed During an investigation of cam bium  feeding by fem ale  No. 364 in 1981 
(Appendix J) evidence was found of cubs scraping the cambium  at the base of the  
trunk and exposed roots. Fritz (1951) suggested that cambium  feeding was learned  
behavior passed on by the m o th e r  to her cubs. The food habits data and feeding  
observations gathered during this study suggest that the selection of food species  
and m ethods of use may, to  a certain extent, be learned behaviors in young black  
bears. The use of sw eet vetch {Hedysarum sulphur esc ens) roots by grizzly bears is 
widespread in the NFFR valley (pers. obs.), but its use by black bears has not been  
docum ented. This m ay be an instance of black bears not learning to use a readily  
available food source or it m ay be a habitat niche preference. S w eet vetch grows  
primarily in open floodplain habitats w here  it occurs south of the Canadian border, 
and the lack of escape cover (trees) may discourage use of this plant species by 
black bears.
Habitat Use
Fig. 2 -1 2  shows the use of 11 Habitat Com ponents by black bears in the  
study area. Availability was determ ined by use of a random points grid as 
described earlier in this chapter. The hypothesis that bears used habitat 
com ponents  in proportion to their availability in the study area was rejected using 
a ch i-squ are  test (P < 0 .0 0 1 ,  X ^ -100 .5 , f=10). The forested shrubfield type, primarily  
the ABLA/CLUN habitat type (Pfister et al. 1977), was the m ost used habitat
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c o m p o n e n t  and w as the only com ponent that bears used significantly more than  
its availability in this study. Cutting units, open sidehill parks and ta lu s /scree /ro ck  
Com ponents w ere  used significantly less than their availability. All other  
com ponents w ere  used in proportion to the ir  availability within the study area.
Spring bear use of the tim bered shrubfield habitat com ponent was primarily  
due to the presence of numerous m icrosites containing lush grasses, sedges and 
forbs (pers. obs.). M any of these m icrosites w ere  too small to distinguish on arial 
photos and 7.5 m inute  quads. The m osaic of t im ber and small mesic microsites  
throughout the  study area was ideal for black bears in that it a llow ed feeding  
within close proxim ity  to escape cover. M any of the bear locations that were  
acquired duing the spring and early s u m m er should have probably been classified  
as falling w ith in  these microsites but they  could not be varified during on -s ite  
Inspection. They w ere  lumped into the tim bered  shrubfield or tim bered com ponent  
classifications, as a result.
The tim bered  shrubfield com ponent was especially attractive to  black bears 
duing the late s u m m er and fall, due to  the abundance of berry producing shrubs 
within this type. Buffaloberry was very abundant on the lower e levation slopes 
and on the NFFR benchlands and bottom lands. On the higher slopes and ridges, 
just w est of the  NFFR, globe huckleberry was the m ore abundant species of berry 
producing shrub. Berry production was especially  high in 1981 for both species. 
The increased production was probably related to weather, but is being aided by 
the extensive beetle  killed lodgepole pine stands (Appendix J). The dead trees are 
allowing the tree canopy to open, encouraging growth and production in 
understory species that were previously shaded (Martin 1983).
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Although cutting units w ere  used significantly less than their availability, they  
w ere used m ost frequently  of the open habitat com ponents. This appears to be an 
artifact of heavy use in a highly productive salvage cut by fem ale No. 82 and her 
cubs in 1981. The area was on a flat bench just west of the NFFR. The lodgepole  
pine was rem oved from the unit in its entirety; no slash was left, and no burning  
or scarification was done to  the area. Only large, o ld -a g e  western larch, spruce 
and fir w ere  left on the site. Removal of the lodgepole pine from the area opened  
the canopy, but did little dam age to understory species. The result w as that 
grasses, forbs and shrubs responded with a high production of bear foods. The 
availability of m ature  larch trees throughout the unit provided escape from  
predators and Man for this bear and her cubs. She remained in or near this area 
during m ost of July and August 1981. In com parison, an adjacent clearcut with  
extensive m echanical scarification showed little use by this bear due to the low  
productivity of bear foods and virtually no cover.
The use of open habitat components by black bears is limited by their inate 
instinct to  flee up trees w hen  threatened w ith  danger (Herrero 1972). During this 
study, black bears w ere  rarely seen crossing large expances of treeless terrain. 
Bears that w ere  located in open habitats w ere  invariably on or near the  edges; in 
close proxim ity to trees. Bed sites (Appendix E) were always located within  
approxim ately 1 m of a tree  of at least 25 cm DBH. Female No. 82 was treed with  
her cubs several tim es in succession during 1981. She was in the a fo re -m en tio n ed  
salvage cut but did not leave the area. She usually remained in the vicinity  
throughout the rest of the day, and bedded down within 150 m of the location of
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the treeing incident. Thus, escape cover (trees) may be as im portant as an 
abundant food supply is to black bears, especially  females with cubs.
Black bear dens
Eight dens used by six d ifferent bears were  located dusing this study. All 
dens w ere  located during the w inter, when the bear was occupying the site, and 
flagged so it could be found again in the spring. All dens except one w ere  
relocated and measured after the bears had vacated them in the spring (Appendix  
D). Three attem pts  at relocating fem ale  No. 364's 1980-81 den in an extensive  
tim bered shrubfield slope were unsuccessfull. All dens, except one, w ere  on north  
to southeast facing slopes The tree den of fem ale  No. 82, during the w inter of 
1981 -82 , was on the floodplain of the NFFR (Chapter 4).
Six of the dens were on the ground, while two were tree dens with the  
cavity above the ground (Chapter 4). Of the ground dens, three were  under the  
roots of large b low n -d ow n trees, one was under the trunks of several dow ned  
trees, one w as in a s lash/w oodchip pile and one was in a natural rock cave. Six of 
the dens w e re  in the tim bered and tim bered  shrubfield habitat com ponents, while  
tw o  w ere  in open types. All of the dens under b low n-dow n trees had varying  
am ounts of excavation done by the occupant, primarily to form  a shallow  
depression in which to lay. Tw o  dens had nesting materials that w ere  brought in 
by the occupant; primarily grasses and forest floor debris that was scraped into  
the den from  the surrounding area.
S u b -a d u lt  male No. 458 did the only extensive excavation of a den that was  
found during the study. He tunneled into a large slash/woodchip pile in the m iddle
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of a clearcut. The den was located approximately 2 5 -3 0  m from  the nearest  
standing tree. The den had tw o  entrances and tw o  bed cham bers which w ere  
in terconnected. Nesting m aterial consisted of approxim ately 10cm of woodchips  
covering the  ground. S no w m obile  tracks w ere  found within 15m of the south  
entrance of this den, how ever the activity did not seem to disturb this bear during  
the Winter-
Female No. 364 denned in a natural rock cave duing w inter 1981-82 . The  
den was located in a rock outcrop on an east-fac ing , open sidehill park at 
approxim ately 1951 m in e levation. The dom inant vegetation was beargrass  
{Xerophyllum tenax), with low  shrubs, primarily globe huckleberry, scattered  
throughout. The den was approxim ately  50 m from  the nearest standing tree. The  
cave had a large cham ber (Appendix D) with a small opening to the outside  
directly above it. No nest m aterial was found in the den, the fem ale and cubs lay 
directly on the rock and soil on the floor of the chamber. The den had been used 
previously by both black bears (possibly No. 364) and grizzly bears. Patches of old 
black bear and grizzly bear hair w ere  found on the rock surrounding the entrance  
and the  rock walls of the den cham ber.
Grizzly bears
Black bears and grizzly bears are sympatric in the NFFR study area. Jonkel 
and Cowan (1971) proposed a theory  of separation of the tw o species, especially  
during late sum m er and fall as grizzlies move to high elevation, open habitats. 
Martinka (1972) concurred with this position. McClellan (pers. comm.), however, 
found that som e grizzly bears, primarily females, remained in the low elevation
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NFFR floodplain throughout the year, at least during some years. Data on 
com petit ion  during seasons of joint occupancy of selected habitats and the extent 
to which it may affect bear population densities are lacking.
C om petit ion  results from the use of a limiting resource by an organism, 
thereby reducing the availability of that resource to others (Ricklefs 1979). It can 
be m anifested in tw o  form s -  in terference a n d /o r  exploitation com petition  (Emmel 
1976, M iller 1967). The results of com petit ion  include: 1) coexistence through niche 
shifts or character displacem ent, 2) com petit ive  exclusion resulting in the use of 
adjacent habitats, or 3) extinction {Em m el 1976).
In terference com petition involves the direct interaction of individuals for 
space, w ith in  which lies the ultim ate ob ject of contention, a vital resource (Ricklefs
1979). Exploitation com petition is the utilization and reduction of resources vital to 
a com petitor, w ithout direct interaction. Com petition must, however, involve the 
contention for a limiting resource.
Herrero (1972 and 1979) discussed the evolutionary adaptations of black and 
grizzly bears. Param ount among these adaptations are the m ethods of self defence  
of these species. Black bears have evolved to escape danger by simply climbing a 
tree, while  grizzlies are much larger and have acquired a very aggressive nature  
which allows them  to defend them selves  and their offspring in treeless habitats as 
well as forested ones. Thus grizzly bears can potentially use all of the food  
sources available in a given geographical area, while the black bear is more limited  
to the use of forested areas, especially w here  large predators are present.
In the NFFR study area, grizzly bears have much larger hom eranges than
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black bears (McClellan and Jonkel 1980). Grizzly bear ranges (male and fem ale)  
therefore overlap several black bear ranges. Rogers (1987) found seasonal 
territoria lity  to  exist am ong fem ale black bears In Minnesota, and Jonkel and 
Cowan (1972) found lim ited evidence in Montana. I lack the data to make such a 
conclusion concerning black bears in my study area, although it is probably safe to  
say that grizzly bears do not exclude black bears from  large expances of habitat 
through territoria lity .
Both bear species eat a variety of succulent, high quality vegetation. Figure
2 -1 3  illustrates the  food habits of grizzly bears in the NFFR during 1981. The  
primary d ifference that can be found when these results are compared to  black  
bear food habits (Fig. 2 -8 )  are the use of sw eetvetch {Hedysarum sulphur esc ens) 
roots during the spring and early sum mer. A lthough the percentages vary
som ewhat, as w ould  be expected, the species of forbs and shrubs that w ere  used 
by both species w ere  similar. Nagy and Russell (1978) found that both species use 
and possibly com pete  for the same food items, and Lloyd (1979) considered the  
food habits o f both species to be identical. Lloyd and Fleck (1977) com bined all 
black and grizzly bear scats that they collected for food habits analysis in 
southeastern British Columbia.
The patchy distribution of favored bear foods throughout the study area 
probably prevents overuse and reduction of the resource to the detrim ent of 
others (except during a total failure of fruit by all producing species, in which case  
all bears would suffer) and the defense of those resources by individuals of either  
species. A m ore  plausible explanation of the distribution of animals throughout the
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available habitat is that bears m aintain a personal space within which they will not 
to lera te  the  intrusion of any bear of either species. This tolerance space fluctuates  
according to the species of bear, sex and age of the individual, food abundance, 
season and habitat in which the encounter occurs.
Personal observations of bears in highly productive huckleberry fields in the  
NFFR study area indicate that black bears and grizzly bears can and do coexist in 
areas of resource abundance. Barnes and Bray (1967) docum ented the  
sim ulta ineous use of highly productive, artificial feeding sites (garbage dumps and 
bait stations) in Yellow stone National Park by both species. The tw o species often  
to lerated each other, feeding to within 9 to 18m of each other, with no apparent  
agonistic behavior. Direct, interspecific interactions, such as chasing and fighting, 
did occur, but grizzly bears did not dom inate  black bears in all such encounters. 
Subm issiveness and dom inance was believed to be related not to species, but to  
the aggressiveness of the individuals involved in the encounter. Miller (1985)  
described an encounter betw een  a fem ale  black bear and a fem ale grizzly bear, 
both w ith  cubs. The encounter ended with the black bear chasing the grizzly for  
approxim ate ly  100m before breaking off the encounter.
The evolutionary adaptations of black bears to the forest habitat restricts  
their use of large expances of open areas, as discussed above. Range expansion by 
black bears into open habitats in response to a declining grizzly population was  
hypothesized by Jonkel and Miller (1970). Nagy and Russell (1978) attributed an 
increasing black bear population in the Swan Hills, Alberta, to a decrease in grizzly  
bear num bers. I suspect that in tra - rather than inter-specific  factors regulate the
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populations of both species w h ere  they coexist, and in tra-specific  relations are 
probably heavily influenced by habitat quality. Due to the ability of grizzly bears to 
use virtually all of the available habitat black bears probably have little effect on 
grizzly populations. How ever, grizzly bears can and probably do control black bear 
populations on the  periphery of the ir  preferred tim bered habitats.
Chapter  3
PHENOLO GY OF SELECTED BEAR FOODS, 
N. FK. FLATHEAD RIVER, M O N T A N A
Plant phenology deals with the relationship of climate and topography to 
plant deve lopm ent. The sequence of vegetative  developm ent remains constant  
within a given species, however, the initiation, duration and termination of grow th  
are influenced by various factors. M icroclim ate, as influenced by topography, 
vegetative  cover and m oisture, causes the m ajority  of intra-specific  variation of 
phonological events through t im e (Jackson 1966). Various studies have recognized  
the influence of tem perature  on plant deve lopm ent (Moss 1960, Vezina and 
G randtner 1965, Jackson 1966, Risser and Cottam  1967, Kimball et al. 1973, Reader 
1975, Schenske et al. 1978, Erskine 1985). Foerste (1891), Kimball et al. (1973) and 
Kimball and Salisbury (1974) investigated the deve lopm ent of various flora during  
w inter "dormancy", and Billings and Bliss (1959) and Fareed and Caldwell (1975)  
described the effect of the duration of snow cover on plant development. Sauer 
and Uresk (1976) related the phenology of steppe vegetation to soil m oisture  
content. It is probable that no single environm ental factor determines plant 
developm ent, however, snow m elt is probably the dom inant influence in the alpine, 
w hile  m oisture availability and tem pera ture  determ ine plant developm ent in dry 
environm ents.
Various authors have studied range phenology in relation to livestock use.
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Costello  and Price (1939) and others related phenology to grazing system design. 
Clary and Kruse (1979) determ ined  2 forbs to be possible indicators of "range 
readiness", and M ueggler (1983) related the phenologicai developm ent of mountain  
forbs and grasses to herbage production.
W ild life  studies have begun to  include the phenology of im portant flora in 
the analysis of the food habits and habitat use of various wildlife species. Orme  
and Leege (1980) docum ented the phenology of 12 species of shrubs in Idaho to 
aid in the  m anagem ent of shrubfields for elk {Cervus elaphus) habitat. Hoefs (1979) 
correlated dall sheep (Ovis dalli)  m igrations with the altitudinal advance of plant 
deve lop m ent at Sheep Mountain, Yukon Territory, Canada. Parker (1977) described  
the f low ering  phenology of vascular plants on Melville Island, Northw est Territories, 
Canada, during a study of caribou {Rangifer tarandus pearyi) and muskoxen  
[Ovibos moschatus), Erskine (1985) recorded the flowering phenology of various  
plants in relation to  the spring arrival of m igrant bird species across Canada. Krebs
(1964) and W eeden (1968) recorded phenologicai events incidental to faunal studies
in Canada and Alaska, respectively.
M an y  of the a forem entioned studies were concerned primarily with flowering  
phenology. This paper describes the phenologicai developm ent (vegetative  and 
f low ering) of selected plant species used by bears in northwestern Montana. The  
phenology of many of the plant species included in this study have not been  
reported in the literature. General information on some of these species can be 
found in various reports, including Haroldson (1980), Schmidt and Lotan (1980),
Zager (1980) and Young (1984). Observations were made during a black bear
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(Ursus am ericanu s) study in the North Fork of the Flathead River (NFFR) drainage of
Montana and British Colum bia (BC), Canada. The data w ere  com pared to the
seasonal food preferences of black bears and grizzly bears (Ursus arctos) (Chapter 
1).
S TU D Y  AREA
The NFFR valley (Fig. 3 -1 )  is bordered by the W hitefish Range to the west 
and the Livingston Range to the east. The River originates in BC and flows  
southeastward into M ontana to its confluence with the Middle Fork near West 
Glacier. It form s a braided channel within a broad floodplain; extensive benchlands  
extend to the foothills of the  mountain ranges. In Montana, the River forms the  
w est boundary of G lacier National Park (GNP), and was designated a Wild and 
Scenic river in 1976 (USDA For. Serv. 1980). Floodplain elevation at the
International Border is 1214 m and the valley is approxim ately 6 km wide at this
point. M ountain peaks in the Whitefish Range exceed 2000 m, and many peaks in 
GNP exceed 3 000  m in elevation.
The Valley is characterized by Tertiary sedim entary deposits, overlain by 
Pleistocene glacial deposits. Sharp, jagged peaks, high cirque basins and deep U -  
shaped valleys form ed by glaciers shape the higher valleys and mountains, 
particularly in the Livingston Range. Morainal deposits form ed the large lakes 
within GNP as the glaciers retreated. For a m ore detailed description of the  
geology of the study area see Alt and Hyndman ( 1972).
The clim ate of the study area is primarily Pacific Maritim e, with outbreaks of
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continental polar air m asses from  east of the Continental Divide occuring  
frequently  during the winter. M ean monthly tem peratures are 16*C during July and 
-8*^0 in January at Polebridge, Montana. 35.5 km south of the Border {Pfister et al. 
1977). Mean annual precipitation at Polebridge is 61.66 cm (1 9 6 2 -1 9 8 2  data 
com piled from Clim atological Data Annual Summaries, Montana. NOAA National 
Climatic Data Center, Ashville, N. Carolina). Most precipitation falls as snow, and 
snow can occur in any m onth, but usually persists from N ovem ber through April in 
the  NFFR valley. Mean annual snowfall at Polebridge is 311 cm (Pfister et al. 1977), 
and the m ean annual spring (1 April) snow depth at Kishenehn Patrol Cabin, GNP is 
76 cm (calculated from  1 9 4 6 -1 9 8 3  Snow Survey Data, Soil Conservation Service, 
Bozeman, Montana). Precipitation and snow depth data are summarized in Tables
3 -1  and 3 -2  below.
The NFFR valley is dom inated  by the spruce-fir  {Picea engelmannii/P, glauca  
-  Abies lasiocarpa) forest type. Habeck and W eaver (1969) docum ented the  
hybridization of Engelmann and w hite  spruce within the study area. Fire induced  
serai com m unities are w idespread throughout the NFFR drainage. These  
com m unities  are dom inated by stands of lodgepole pine {Pinus contorta) 
interspersed with western larch {Larix  occident alls) and occasionally Douglas fir 
{Pseudotsuga menziesU). Recently, a severe outbreak of mountain pine beetle  
{Dendroctonus ponderosae) has killed a large percentage of the lodgepole in the  
study area (USDA For. Serv. 1979). In 1981, 84% of the lodgepole pine, 40% of the  
total trees in a mixed species stand, were beetle -k illed  (Appendix I). Mesic sites 
are dom inated by spruce, aspen {Populus tremuloides), and black cottonwood (P.
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T a b le  3-1: Monthly, yearly and lo n g -te rm  average precipitation (cm) at
Polbridge, M T (compiled from  C lim atological Data Annual Summaries, 
Montana. NOAA National Clim atic Data Center, Ashville, N. Carolina).
Month
1980
Year
1981 1982
Lo ng-Term  Ave. 
1 9 62 -1982
January 2.21 10.16 8.12
February 4.17 4.24 9 68 5.25
March 3.58 1.93 6.17 4.13
April 1.83 4.50 5.74 3.29
May 9.73 7.72 1.07 5.03
June 9.42 9.86 10.46 6.89
July 3.33 3.43 3.56 3.59
August 3.15 1.68 1.68 3.87
Septem ber 3.15 1.96 3.78 3.38
O ctober 0.86 1.55 2.49 3.89
N ovem ber 7.47 5.16 6.12 6.17
D ecem ber 14.45 6.93 8.13 8.05
Total 61.14 51.16 69.04 61.66
M onthly Ave. 5.56 4.27 5.77 5.14
T a b le  3 -2: Annual snow depth (cm) (1 March and 1 April) at Kishenehn
Patrol Cabin, Glacier National Park, Montana (calculated from  Snow
Survey Data, Soil Conservation Service, Bozeman, Montana).
M onth Year L o ng-Term  Ave.
1980 1981 1982 1 9 46 -19 83
March 48.26 50.80 83.82 87.16
April 58.42 20.32 83.82 75.93
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trichocarpa).  Graminoids, forbs and shrubs are abundant in virtually all com m unity  
types.
Open serai com m unities  occur at all elevations within the study area. 
A valanche chutes, sidehill parks and open ridgetops occur at the higher elevations. 
Fire induced shrubfields are m aintained for long periods of tim e in the subalpine 
com m unities  due to unfavorable conditions for forest regeneration and /or repeated  
fire incidence (Zager et. al. 1983). Upper elevation sites are dom inated by 
graminoids, forbs such as biscuitroot {Lomatium  spp.), claytonia {Claytonia  
lanceolata),  glacier lily {Erythronium grandiflorum),  beargrass {Xerophylum tenax), 
cow  parsnip {Heracleum lanatum),  false hellebore {Veratrum  veride), etc., and 
shrubs such as globe huckleberry (Vaccinium globulare), grouse w hortleberry  
(Vaccinium scoparium), alder {Alnus sinuata), mountain ash (Sorbus scopulina), etc.
The NFFR bottom lands contain open benches characterized by hedysarum  
{Hedysarum sulphuresens), big sagebrush {Artemesia tr identata),  and various forbs 
and graminoids. O ld -g ro w th  spruce stands occur throughout the river bottom s, and 
aspen stands are distributed along the benches. Cottonw ood dominates the more  
mesic sites along the River. For a thorough description of the vegetation of the 
NFFR Valley see Habeck (1970), Koterba and Habeck (1971), Key (1979), Allen (1980) 
and Lee (1983).
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M E T H O D S
Nineteen phenology plots were established in 1980 and three were added in
1981 (Fig. 3 -1 ) .  Plots w ere  located in habitat com ponents known to be used by
bears, and m ost of the plant species w ere  considered to be bear foods (Tisch
1961, Servheen and W ojciechowski 1978). Circular 375m^ plots (Pfister et al. 1977)
were marked with a stake at the center and flagging on the perimeter. Descriptive
data on the perm anent phenology plots are given in Table 3 -3 .
T a b le  3 -3 : Descriptive data on 22 phenology plots, N. Fk. Flathead River.
Plot No. Elevation Slope Aspect
1 1215 Flat
2 1219 Flat -
3 1250 Flat -
4 1256 Flat -
5 1256 Flat -
6 1256 14%(8°) 70°
7 1231 55% (29°) 170°
8 1183 Flat -
9 1183 Flat -
10 1128 Flat -
11 1216 Flat -
12 1274 Flat -
13 2073 38% (21°) 140°
14 2012 Flat -
15 2012 27% (15°) 39°
16 1707 59% (30°) 167°
17 1646 537o(28®) 181°
18 1701 27?&(15°) 185°
19 1695 9% (5°) 145°
20 1692 Flat -
21 1689 Flat -
22 1439 Flat
Plots w ere m onitored b i-w eek ly  from May through October of each year
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(1 9 8 0 -8 2 ) .  The date on which data collection began on each plot was determ ined  
by spring access to the site and snow depth at the site. The phenologicai stages  
of each plant species and the average height of particular species in the plot 
(grasses and forbs) was determ ined and recorded. Visual estim ations of the  
percent of the  plants in a given phenologicai stage were made and recorded to the  
nearest 10%. Estimates of < 5 %  in any phenologicai stage w ere  recorded as a 
trace (1%). Various phenologicai stages, as shown in Appendix G, w ere  grouped  
into three m ajor stages for discussion in this paper. The peaks of vegetative  
grow th, f low ering  and fruiting, w ere  arbitrarily chosen as the point at which ^ 5 0 %  
of the plants in the plot had reached that stage. Although plant deve lopm ent is 
not a linear relationship, due to the tw o w eek  intervals between visits to the plots, 
the peaks of the three growth stages m entioned above were estim ated from  a 
graph of t im e  (days) versus percent. The day on which the line crossed 50%  was  
recorded as the peak of that stage. All species sampled in each plot w ere  plotted  
on a bar graph showing the beginning and ending dates and peak of deve lopm ent  
for each of the  three major phenologicai stages (Appendix H).
RESULTS A N D  D IS C U S S IO N
The tim ing of phenologicai events w ithin a given species varied betw een  
plots, betw een  years, and betw een elevations. Figure 3 - 2  illustrates the  
phenologicai developm ent of grasses, forbs and shrubs during the study period. 
Plots were broken down by elevation. The first and last dates for vegetative  
grow th , floral developm ent and fruit deve lopm ent were used for each species that  
occurred in low (< 1 3 0 0  m) and high (> 1 4 0 0  m) elevation plots.
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species codes see Appendix A.
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In general, plants had their earliest developm ent in 1980, and plant 
developm ent was delayed the most during 1982. During 1982, winter and spring 
precipitation was above normal (Table 3 -1 ) ,  except for May, and snow depth on 1 
May was above normal (Table 3 -2 ).  Precipitation and snow depth was generally  
below norm al during the w inter and spring of 1980 and 1981. In the NFFR area, 
snow depth during the late spring determ ines the initiation of plant growth and is 
responsible for the tem poral variation in phenology from year to year w ithin a 
given species in the same plot. However, during years of early snow melt am bient  
and/or soil tem pera ture  and possibly photoperiod determ ine the initiation of plant 
growth. Soil m oisture is com m only  abundant during the spring and appears not to 
be a determ in ing  factor in this study. The high elevation plots had delayed  
initiation of grow th due to  deep snow and perhaps the colder tem peratures  
com m on to higher altitudes.
Several forbs, including glacier lily (Erythronium grandiflorum),  claytonia  
(Claytonia lanceolata)  and cow parsnip w ere  found to have begun growth under  
as m uch as 0.5 m of snow cover. In some cases the spring ephemerals, g lacier lily 
and claytonia, w ere  found to have fully developed floral buds while still under  
several centim eters  of snow, and flow ered shortly after release from the snow  
cover. These observations agree with those of Kimball et al. (1973) and Kimball 
and Salisbury (1974). During the sum m er months, these species appear as the  
snowbanks retreat. In 1981 globe huckleberry plants on two high elevation plots 
(Nos. 13 and 15) were found to be initiating growth (breaking leaf buds) under as 
much as 0.5 m of snow cover. Grouse wortleberry (Vaccinium scoparium) also
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in itiated g ro w th  under approxim ately 20 cm of snow in plot No. 13 in 1981. 
Apparently  m any species of forbs and shrubs, especially those in harsh high 
elevation habitats, may begin grow th  under snow cover in order to get an early  
start on the shorter growing seasons inherent to these habitats.
The general chronology of phenologicai events occurs as follows. As soon as 
snows m e lt  on the low elevation sites, approxim ately 1 May, graminoids, horsetails  
{Equisetum  spp.) and forbs such as cow parsnip, claytonia, glacier lily, dandelion  
{Taraxacum officianale),  arrow leaf groundsel {Senecio triangularis), c lover  
{Tr i fo l ium repens) and wild strawberry {Fragaria virginiana)  begin vegetative  
grow th. M ost shrubs also begin leaf and tw ig growth by 1 May. H ow ever,  
buffa loberry and kinnikinnik {Arctostaphylos uva-ursi) f lower at or before the  
initiation of vegetative growth. By the end of May through the end of June m ost  
species intiate flowering, and m ost flowering was completed by the beginning of 
August Except for the spring ephem erals, m ost species produced ripe fru it or 
seeds during July and August.
G ro w th  of some species on the high elevation sites was delayed for up to  a 
m onth  o r  m ore  in some years, as com pared to low elevation sites with sim ilar  
species. G row th  began, in m ost cases, from  late May through mid June. High 
elevation, south-fac ing, open slopes w ere  usually the most phenologically  
advanced habitat com ponents due to early snow melt and relatively w arm  soil 
tem peratures. Most species had initiated flowering by the middle of June to the  
m iddle of July; ripe fruit and seed were produced in late July and August. The  
re la tive ly  short growing season at the higher elevations apparently caused m ost
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species to curtail their vegetative  growth to some extent in order to produce  
f lowers and seed or fruit before the onset of unfavorable conditions in the fall.
Cow parsnip is a perennial, umbelliferous forb that is used by bears primarily  
during the spring and early summer, when it is succulant and rapidly growing. It 
occurs in mesic and riparian habitats throughout the altitudinal extremes of the  
study area. Typically it initiates growth from the root crown as soon as the snow  
cover has melted. However, in the spring of 1980 it was found growing up to 3 cm  
tall while still under up to 0.5 m of snow cover (Plot No. 4). This also occurred in 
several other plots th roughout the study period. Risser and Cottam (1967), Kimball 
et al. (1973) and Kimball and Salisbury (1974) discussed the relationship of  
tem perature  and snow depth to the growth of spring ephemerals during w inter  
"dormancy".
Cow parsnip was sampled in four plots during the study (1980-82 ). Tw o were  
low  elevation plots (Nos. 4 and 8) and two were high elevation (Nos. 18 and 19). 
Figure 3 -3  illustrates the general growth patterns of cow parsnip in the low and 
high elevation plots. All three  years of data were  combined. Incremental growth in 
the  low  elevation plots increased to a maximum during early July after which it 
decreased through the end of August when grow th ceased. The irregularity of the  
curve for the low  elevation plots is due to the late snow cover that delayed plant 
developm ent in the spring of 1982 (Fig. 3 -4 ).  Generally, grow th rates declined as 
soon as plants began to put energy into floral development. All growth usually 
ceased by the tim e seed production was under way in August. However, a flush of 
new  growth was observed on some plots in some years during the late sum m er
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F ig u re  3 -3 : Increm ental grow th rates of c o w  parsnip in low {Nos. 4 and 8) 
and high (Nos. 18 and 19) e levation phenology plots, 1980-82
data com bined.
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F ig u re  3-4: Growth rates of cow parsnip in low (Nos. 4 and 8) and high 
(Nos. 4 and 19) e levation  phenology plots, 1980-82.
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and early fall period. The new grow th occured when the plant was alm ost 
com plete ly  desiccated and consisted of a rosette of three leaves growing from the 
basal root crown. These leaves soon dried out after only a few weeks (Appendix  
H).
C ow  parsnip plants on high elevation plots began growth from tw o weeks to 
over a month after those on the low elevation plots (Fig. 3 -4 ).  Peak incremental 
growth occurred tw o  weeks later (Fig. 3 -3 )  than the low elevation plants, and 
declined with the increase in floral developm ent. High elevation plants averaged  
only 79%  as tall as low elevaton plants. Flowers w ere  initiated in late June (1980)  
through late July (1982) and lasted through early Septem ber in 1982. Seed  
production was initiated from  the end of July through early August. Apparently  
plants at the higher elevations forego som e vegetative  grow th in order to initiate  
floral and seed deve lopm ent during favorable clim atic conditions.
On several occasions, flowers and /or seed and fruit were damaged, 
destroyed or prevented from forming a ltogether (Appendix H) due to various  
factors. In 1980 the e lderberry {Sambucus racemosa) plants in plot No. 4 produced  
no flow ers  or fruit. Observations indicated that insects had eaten the majority of 
the plant's foliage, thus preventing the initiation of floral developm ent and fruit 
production. In 1981, false hellebore plants in all plots sampled (Nos 15, 18 and 21) 
produced no flow ers  due to massive insect herbivory. In all cases the plants w ere  
virtually defoliated.
Hard frost during floral and /or fruit production was suspected of reducing or 
elim inating fruit production on several plots throughout the study. In 1980, a hard
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frost during the flowering stage apparently prevented the developm ent of fruit of 
dw arf huckleberry (Vaccinium caespitosum) in plot No 9. Buffaloberry fruit did not 
ripen due to  frost in plot No. 2 in the sam e year, and in 1982 the fruit of e lderberry  
(Plot No. 19) also did not ripen due to frost. In those instances, m ost berries  
w ithered on the shrub while they were  still green. However, in July 1981 the fruit 
of globe huckleberry on 2 high elevation plots (Nos. 13 and 15) were hit by snow  
and cold tem peratures. These plots w ere  in open shrubfields in old burns w ith  no 
tree overstory. Well over 50%  of the fruit did not survive and within 2 w eeks  the  
dam aged fruit looked white and was very hard to the touch, while still c linging to 
the shrub. Surviving fruit in m any cases w ere  deformed and berry size appeared to  
be sm aller than normal. Virtually all of the affected plants also showed extensive  
browning of the leaves, especially along the edges. Huckleberry plants, under a 
tree canopy, in plot No. 17, approxim ately 400 m downslope from the o ther tw o  
plots, suffered no observable dam age although it also snowed on this plot. 
Apparently, the thermal protection afforded these plants by the tree overstory kept 
the fruit from  being damaged on this plot. Fruit production was consistently low er  
on this plot than on the other tw o  plots, how ever it was more consistant from  
year to  year.
The progression of plant deve lopm ent on an elevational gradient a llows  
bears, both black and grizzly bears, to use grasses and forbs during the initial rapid 
vegetative  grow th period when the plants are succulent and can best be d igested  
by the animals (Hamer et. al. 1977, Reynolds and Beechum 1980, S izem ore 1980, 
Craighead et al. 1982, Young 1984). As low elevation shrubs begin producing ripe
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fruit in the late summer, bears can switch from succulent forbs found in mesic  
habitats throughout the area, to the fruit on which they heavily depend for rapid 
w eight gain prior to den im m erg en ce  in the fall.
C hapter 4
TREE DEN NING  BY A  FEMALE BLACK BEAR IN 
GLACIER N A TIO N A L PARK, M O N T A N A
Black bears {Ursus americanus)  h ibernate in various types of dens throughout  
their range. In Montana, Jonkel and Cowan (1971) described the use of a variety of 
den sites; m ost often on the ground in the base of hollow trees, fo llow ed by rock 
caves, hollows under fallen logs, and under a cabin. In the eastern US, the use of 
above ground tree cavities as dens has been reported in Michigan (Sw itzenberg  
1955), New York (O'Pezio pers. c o m m ), Tennessee (Johnson and Pelton 1981, 
Pelton et al. 1980), W est Virginia (Carney pers. com m  ). North Carolina (Ham ilton  
and M archinton 1980), Georgia (Lentz et al. 1983), and Louisiana (Taylor 1971:67). 
In the west, the use of trees by black bears has been observed only in W ashington  
(Lindzey and M es lo w  1976), and Idaho (Beecham  1980:93, pers. c o m m ).  Both 
w estern  observations involved the tem porary  use of the dens by fem ales. This 
paper reports on the use of tree dens by an adult fem ale black bear with tw o  cubs 
in Glacier National Park (GNP), Montana.
In 1980 a black bear study was initiated in the North Fork of the Flathead  
River (NFFR) Valley. The study area includes part of GNP, the Flathead National 
Forest (FNF), and SE British Columbia (BC), Canada. The NFFR originates in the  
M acDonald  and Livingston ranges of BC, and flows south into Montana form ing the  
w estern  boundary of GNP. Floodplain elevation at the International Border is 1214
6 2
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m. The area is dominated by sp ru c e -f ir  (Picea engelmannii /P. glauca-Abies  
lasiocarpa)  forest; extensive stands of lodgepole pine (Pinas contorta)  occur as a 
result of past wildfire. Moist sites are dom inated b y<P inu s  quaking aspenc(Popalas 
tremuloides),  and black cottonw oode  dom inated by (P. trichocarpa)  is com m on  
along the River. Pacific M aritim e w e a th er  influences the clim ate of the area. Snow  
can occur in any month, but usually persists from N ovem ber through April in the 
Valley. Mean annual snowfall at Polebridge, Montana, 35.5 km south of the Border, 
is 311 cm (Pfister et al. 1977). Spring snow  depth (1 April) averages 76 c m /y r  at 
Kishenehn Patrol Cabin, GNP (calculated from 19 46 -1983  Snow Survey Data, Soil 
Conservation Service, Bozeman, Montana).
On 14 July 1980, a 16.5 year old female black bear (No.82) weighing  
approxim ately 54 kg was captured on the  FNF, 1.5 km w est of GNP. She was radio 
collared and released at the site. In early November, she denned in a live western  
larch (Lar ix  occidentalis)  in GNP, 21.3 m above ground. The cavity was 85.1 cm 
deep, and measured 71.1 cm  by 76.2 cm  at the base. The top was open and the 
only protection offered by this den was an extention of the main trunk on its north 
and w e s t  aspects. Bedding m aterial consisted of wood chips scraped from  the 
wall o f the cavity. In April 1981, she em erged  and was later observed at the den 
site w ith  tw o  cubs.
The family group becam e inactive on 28 October 1981; presumably in a state 
of h ibernation (Nelson and Beck 1984) or predenning lethergy. They were located 
in a log jam west of the main channel of the NFFR. Between 1 and 4 N ovem ber  
they le ft this site due to human disturbance and moved across the River into GNP.
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They rem ained active and in the general vicinity of the log jam until 7 N ovem ber  
when they denned in a live black cottonwood, 14.8 m above ground. The cavity  
was form ed at a fork of the trunk after a main branch had fallen. New grow th  
formed around the cavity, creating a long, narrow, southeast-fac ing  entrance 22.9  
cm by 76.2 cm long. The bed cham ber measured 71.1 cm by 78.7 cm and was 27.9  
cm below the lip of the entrance. The cavity was closed at the top, and was 109.2 
cm high. W ood chips, scraped from  the wall of the cavity, were the only bedding  
material in the den. On 21 March 1982 the fam ily group was observed in the den. 
They em erged  in April and were found approximately 1 km from the den site on 7 
May. On 17 May, their activity ceased and the functioning collar was recovered on 
21 May, in the den. A bed constructed of bark, twigs, conifer needles, and 
miscellaneous debris, was found at the base of the den tree. The pile of m aterial 
was 114.3 cm by 147.3 cm by 25.4 cm deep; the actual nest measured 40.6 cm  by 
63.5 cm by 15.2 cm deep. Apparently the bears had used the den and the bed 
interchangeably during the few  weeks after em ergence.
The advantages of selecting tree dens versus ground dens in a relatively  
s n o w -fre e  area of the southeast have been discussed by various authors. Johnson  
et al. (1978) predicted a 15.5% savings in energy production for bears in tree  dens  
versus ground dens. Lentz et al. (1983) determ ined that tree  dens with low  bed 
chambers, thick walls surrounding the chambers, and lateral entrances had high 
heat retention values. From these data, it appears that the o p en -to p  den used in
1980-81 would constitute an energy drain on its occupant, as compared to her
1 9 8 1 - 8 2  den and conventional ground dens. However, this den was protected from
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prevailing winds, and snow probably accum ulated directly on the hibernating bears 
during the coldest w inter m onths (Morse 1937, Svihia and Bowman 1954), sealing  
the cavity and significantly reducing convective  heat loss. Moen and Rogers (1985) 
predicted that snow would accum ulate on the back of a black bear w hen am bient  
tem pera tures  decreased below -8 *C . Svihia and Bowman's (1954) data concur with  
this prediction.
Insulation is probably not a likely cue for tree-denning in the NFFR. Heavy  
snow  accum ulations com m on to the study area, may negate much of the therm al  
advantage of tree dens due to its insulative qualities (Craighead et al. 1971, 
Pearson 1975, Pruitt 1957). Although the extent of tree denning in the w estern  
states is unknown, the advantage of such behavior in the NFFR Valley m ay simply  
be the avoidance of disturbance or possible predation. Bear No. 82 and her cubs 
apparently m oved from a log jam along the NFFR, where she was inactive and may  
have initiated denning, to a tree  den. The tracks of a man and dog w ere  found at 
the site. Rogers and Mech (1981) and Horejsi et al. (1984) reported the killing of 
denned fem ales with cubs by wolves {Canis lupus) in M innesota and Alberta, 
respectively. Three cases of wolves killing denned black bears in M anitoba w ere  
described by Paquet and Carbyn (1986). Dogs were found to have killed a denned  
fem ale  and cubs in western Montana (Hugie pers. c o m m ), and Boyer (1949) 
reported the killing of a yearling by coyotes (C . latrans). A denned fem ale  with  
cubs w as  killed and consumed by a larger black bear in Pennsylvania (Alt and 
G ruttadauria  1984), and Tietje and Ruff (1980) and Tietje et al. (1986) reported  
cannibalism  by black bears in Alberta. M undy and Flook (1973:17, Table 9) reported
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an apparent grizzly (U. arctos) kill of a black bear. Pearson (1975) found a fem ale  
grizzly that had been dug out of her den and killed by a large m ale grizzly. The  
many docum ented cases of inter and intra-specific  predation, especially on denned  
black bears, suggests an increase in fitness to tree  denning bears, especially  
fem ales with cubs.
In Montana, an area with a diverse and relatively dense population of large  
predators, black bears may also use trees as secure resting places. W right  
(1910:60) states that . . w here  the grizzly and black bear are both found, the  
black bear spends much of his leasure among the branches and often has special 
trees that he uses as sleeping quarters/' Although observations of this behavior  
are rare, on the Blackfeet Indian Reservation, east of GNP, A lm ack (pers. com m .)  
observed a fem ale  black bear, on 13 July 1981, apparently asleep 10m up in a 
conifer. A cow carcass was nearby and grizzly bear sign was found in the area  
when she was captured the next day. No nest was apparent; she laid against the  
tree trunk in the crotch of several branches. Herrero (1983) observed female black  
bears with cubs sleeping in trees for up to several hours at the Jasper Tow nsite  
dump in Jasper National Park, Alberta. Bears resting in trees w ere  free from  
danger and lost much of the  alertness they exhibited while  on the ground. 
Subadults and fem ales with cubs were the only bears observed using trees for any  
reason during the study (Herrero 1983).
I have received tw o additional reliable reports of w estern  black bears  
denning in trees. A female with two cubs was observed leaving a cavity in a 
western  redcedar {Thuja plicata)  in western Montana and a bear of unknown sex
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denned in a tree in western Alberta. Several large trees have been located in 
n o rthw est M ontana that are probable den sites. Thier (pers. comm.) located a den 
cavity 10.0 m up in a western w hite  pine (Pinus monticola)  in the Cabinet  
M ountains of Montana. The abundance of claw marks and possible den cavities on 
m any large, dam aged trees in the NFFR study area, may be indicative of m ore  
extensive use of trees as dens and possibly bedsites. Their use for denning would  
certainly be advantageous to a reproductive female.
C hapter 5
CHEM ICAL RESTRAINT OF BEARS W IT H  A  BLO W G U N  A N D  
PLASTIC DISPOSABLE SYRINGE DARTS
Modern wildlife research and m anagem ent techniques routinely rely on the 
capture and chemical restraint of wild animals. Remote injection should be 
accomplished with a m inim um  of stress and trauma to the animal, and an 
acceptable  safety margin for field personnel. In the past, these requirem ents  were  
m et by CO^ and powder charged w eapons shooting an automatic, p o w d e r charged  
syringe (Fowler 1982). The resurrection of the ancient blowgun for the  rem ote  
delivery of medication and im m obiliz ing drugs, has proven equally e ffective  in 
m any field applications. Several com m ercia lly  produced systems are n o w  available  
(Nielsen 1982). Much recent progress has been reported, how ever, in the 
deve lop m ent of blowgun darts made from  disposable plastic syringes (Brockelman  
and Kobayashi 1971, Dew ey and Rudnick 1973, Bubenik and Bubenik 1976, Haigh 
1976, Haigh and Hopf 1976, DeVos 1979, Warren et al. 1979, Barnard and Dobbs 
1980, Lochmiller and Grant 1983). The various systems use springs, weights, 
com pressed air, butane or sodium b icarbonate-acid  reactions to effect drug 
injection upon impact. This paper describes the construction and use of a blowgun  
dart developed by Haigh and Hopf (1976) for the im mobilization of bears. A few  
m inor modifications to the original design have improved perform ance and 
reliability.
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The b lowgun w as used under a w ide  variety of conditions. Black bears  
{Ursus americanus)  and grizzly bears ( ( / .  arctos)  w ere  im m obilized from  1981 
through 1985 in five different areas. The initial use of the blowgun on snared  
bears occurred in the North Fork of the Flathead River drainage of northw estern  
Montana in 1981 and 1982. Snared bears w ere  also drugged with the blowgun in 
October 1982 while the author was working in the Mission Mountains on the
Flathead Indian Reservation. During 1984 and 1985 bears w ere  drugged in the  
Cabinet M ountains of northwestern Montana. Caged and cu lvert-trapped  bears  
were drugged at Fort Missoula, Montana from 1982 through 1983 during a 
repe llent/deterrent study. Snared and c u lvert-trap p ed  bears were drugged at
Sparwood and Elkford, British Columbia.
M ETH O D S
Blowpipe Construction
The blowpipe can be constructed from  any suitable metal, plastic, or
fiberglass tubing w ith  a smooth Interior wall, and of the appropriate inside
diam eter (ID). For 5 ml darts I use seam less alum inum  electrical conduit that is
available in 183 cm lengths (16.5 m m  ID). For easy transport it is cut into 3
sections, each 61 cm long, with a tubing cutter. The lip created on the inside of 
the tubing at the cut m ust be filed and sanded sm ooth to e lim inate obstructions to 
the dart as it is propelled through the pipe. Machined U H M W  polyethylene sleeves, 
7.6 cm long, join the sections to m inim ize air leakage at the joints. Seam less
aluminum conduit is also available in suitable ID s for use with 1, 3 and 10 ml
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darts. The various pipes nest within one another for easy transport if m ore than 1 
size dart is needed in the field.
Dart Construction
The materials needed to construct a single 5 ml dart are listed in Table 5 -1 .  
The procedures for constructing 1, 3 and 10 ml darts are similar to those  
described below.
T a b le  5-1: Materials necessary to construct a single 5 ml dart.
d a r t
1 sterile 5 ml plastic disposable syringe (Luer-lok).
1 5 ml syringe (need not be sterile).
2 21 gauge hypodermic needles.
5 - 6  strands of colored acrylic knitting yarn (approx. 6 cm long), 
glycerine
NEEDLE
1 16 gauge hypodermic needle (3.7 cm long).
Tygon m icrobore tubing (5 -6  m m  long)
Epoxy glue.
Super glue.
CHARGING UNIT
Butane gas canister with red adapter.
1 21 gauge hypodermic needle.
Epoxy glue.
W ith d ra w  the handle of a sterile syringe until only the front of the rubber  
plunger rem ains in the barrel. Cut the handle off directly behind the plunger with  
a sharp knife (Fig. 5 -1 a )  and apply a fe w  drops of glycerine to the plunger (Bubenik  
and Bubenik 1976) before reinserting it fully into the syringe. Now, cut the finger  
flange off of the syringe barrel with a knife (Fig. 5 -1 b ) as close to the flange as
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possible to avoid excessive shortening of the barrel. A second plunger w ith the  
handle rem o ved  is used for the tailpiece. Insert 5 to 6 doubled strands of brightly  
colored acrylic knitting yarn into the rear of the plunger with a pencil and trim  the  
ends (Fig. 5 -1 c ) .  Take 5 to 6 turns around your index and middle fingers to get the  
proper length of yarn. Coat the outside surface of the tailpiece with epoxy glue  
and insert it into the rear of the syringe. Insert a 21 guage needle through the  
syringe wall into the plunger and out the  opposite wall (Fig. 5 - Id). A second  
needle is inserted perpendicular to  the first (Fig. 5 -1e). Cut the protruding ends of 
the needles off and file flush w ith the barrel of the dart.
Prepare a 16 guage needle (Fig. 5 -2 a )  by drilling 2 lateral holes in the shaft, 
2 mm apart, the first approxim ately 7 m m from  the tip (Fig. 5-2b). A D rem el Tool 
(Dremel Mfg. Div., Emerson Electric Co., Racine, Wisconsin) m ounted on a drill 
press w ith a No. 110 grinding bit is used to  drill the holes. A single bit will drill 
approxim ate ly  20 holes (10 needles). A No. 2 carbide bur dental bit will also work. 
Seal the end of the needle with epoxy and place a drop of Super glue (Loctite  
Corp., C leveland, Ohio) over the dried epoxy to  plug any pinhole leaks that m ay  
persist (Fig. 5 -2b ). Slip a 5 to 6 m m  length of Tygon tubing (Norion Plastics and 
Synthetics Division, Akron, Ohio) over the holes to seal the needle for use (Fig. 
5 -2c).
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Charging and use of the dart
The dart is charged with butane from com m ercia lly  available canisters that  
are used primarily to refill c igarette  lighters. Attach a 21 guage needle to the red 
adapter supplied with the butane dispenser by tr im m ing the end (Fig. 5 -3 a )  so that  
the needle fits over it. Coat the adapter with epoxy and attach the needle (Fig. 
5-3b).
Using a large capacity  syringe ( ^ 1 0  ml) adjust the m ovable plunger to the  
desired drug volum e by increasing or decreasing air pressure within the charging  
chamber. Holding the dart upright, load the drugs with a sterile syringe, through  
the needle a ttachm ent flange (Fig. 5 -4a). Attach a prepared needle. Invert the dart 
(needle down) and insert the charging needle through the tailpiece. Charge the  
dart by pushing back on the valve to inject liquid butane into the charging  
cham ber (Fig. 5 -4 b )  and quickly pull the needle out of the tailpiece. A drop or tw o  
of liquid butane will be visible betw een the plunger and the tailpiece. Figure 5 -4 c  
illustrates a charged dart ready for use.
Upon impact, the Tygon sleeve is pushed back by the animals hide exposing  
the  holes in the needle. The release of pressure allows the butane to expand, 
pushing the m ovable plunger forward. Drug injection occurs within 1 to  2 seconds  
of impact, depending on the volum e and viscosity of the particular drug being  
used.
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Im m obilization procedures
Bears were im m obilized after capture in Aldrich leg -ho ld  snares, culvert 
traps, or while being held captive in the University of Montana holding facilities at 
Fort Missoula. Three black bears v/ere drugged free-ranging . A variety of drugs 
w ere  used, including m ixtures of ketamine hydrochloride-xylazine hydrochloride  
(K etaset-Rom pun), phencyclidine hydrochloride-prom azine  hydrochloride (Sernylan-  
Sparine) and tiletamine hydroch loride -zo lazepam  hydrochloride (Telazol). The drugs 
w ere  delivered by blowpipe using 3, 5 and 10 ml plastic disposable syringe darts. 
Darts w ere  fired at distances ranging from < 1  m to approxim ately 10 m. The 
m ajority  of bears were shot in the neck and shoulder region allowing rapid drug 
absorption and faster im m obilization than the hind quarter area.
RESULTS
Ninety five black bears and 16 grizzlies were successfully im m obilized with  
the b low gun and plastic disposable syringe darts. A grizzly with three cubs was 
m issed tw ice. She became overly aggressive and a Palmer "Cap-chur" (Palmer 
Chem ical and Equipment Co., Douglasville, Georgia) gun was subsequently used for 
added safety. The first b lowdart f lew  erratically and the second one hit her old 
collar and dropped to the ground w ithout injecting the drug
A total of 177 darts w ere  shot at bears, five (2.8%) of which com plete ly  
m issed the animal. Tw enty  five (14.3%) of the darts that did hit bears did not 
inject the drug for various reasons which will be discussed later.
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D IS C U S S IO N
The use of the b lowgun and plastic disposable syringe darts for the  
im m obilization of bears has certain advantages over other types of equipment. 
The p o le -m o u n te d  syringe (jab stick) and the Palm er C ap -ch u r gun are the most 
com m on drugging equipm ent used on bears in North America today. The  
blowguns main advantage over the jab stick is that it is effective up to 15 m, 
depending on the size of the dart and the proficiency of the operator. The jab stick 
must be used at close range, leaving a m inimal safety margin for the operator if a 
bear should break loose (Hofstra 1982).
A lthough the blowgun does not have the range capabilities of the  
com m ercial pow der charged systems it has several advantages over those  
systems. The blowgun is accurate, easy to  use, lightweight, and portable, and it 
requires little m aintenance. It is inexpensive and easy to construct; a single 5 ml 
dart costs approxim ately  50 cents to  make and it can be reused a num ber of 
times. The blowgun is quiet, the dart causes little trauma at the injection site, and 
the clear plastic body of the dart allows confim ation that the drug has injected  
while the dart is still in the bear. The barbless needle allows the dart to passively  
drop from  the animal's hide, avoiding further injury or the need to cut the hide to  
rem ove the needle.
The operator can becom e acceptably accurate with the blowgun in a day by 
practicing with w a te r - f i l le d  darts. Practice should include the various size darts 
over the full range of distances that they can be effectively shot. A iming is 
instinctive and im proves with practice, however, the am ount of air used to propel
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the dart should be consistent with every shot. A short, hard blast of air should be 
expelled w ith o u t any head or arm m ovem ent. Any m ovem ent of the upper body  
will m ove the end of the pipe, throw ing the dart off target. Darts should be shot 
perpendicular to the intended im pact area to insure penetration of the hide.
M ost bears captured in snares can be safely drugged with a blowgun. It is 
well suited to  the immobilization of all but the most aggressive bears, or those not 
caught firm ly by the wrist (e.g., caught by the toes). In such situations the pow der  
charged equ ipm en t gives the operator a greater safety margin. Jab sticks should  
not be used on snared animals because of the high risk to the operator. Hofstra  
(1982) described an incident in which an escaping bear injured a biologist w h o  was  
attem pting to drug it with a jab stick. Caged, culvert-trapped and denned bears  
are easily drugged with the blowgun and it should be the m ethod of choice in 
these situations.
All m issed shots, except one that f lew  erratically, were caused by m o vem en t  
of the anim al when the dart was fired. M ost darts were recovered fully charged  
and reused after replacing the needle w ith a sterile one
M alfunctioning darts included those that hit the target but did not inject the  
drug, and those that broke on impact. Darts that did not inject on im pact w ere  
either not fired with enough velocity  to penetrate  the hide, or they hit the  hide at 
such an angle that they glanced off. Shots should be taken as close to 
perpendicular to the hide as possible, to avoid glancing darts. The use of a single  
section of pipe (61 cm) can also result in som e darts failing to penetrate the hide. 
The dart does not gain enough velocity before it leaves the end of the pipe. In
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one instance, tw o darts fired at a captive black bear penetrated the hide but the  
drug did not inject. Several m inutes later the m oveable plunger of one of the  
darts was observed as it in jected the drug into the bear. The plunger took a lm ost  
a minute to travel the length of the dart. This dart had been used several t im es  
before and m alfunctioned during the winter when tem peratures were  near 0*C. 
Later, at room  tem perature , the dart functioned properly, but the plunger m oved  
slower than normal. This problem  has not occurred since I began coating the  
plunger w ith  glycerine (Bubenik and Bubenik 1976) during construction of the dart.
Darts usually break when they  hit large bones. The force of impact breaks  
the dart at the needle a ttach m ent (Luer-lok). Darts that have been reused a 
number of tim es m ay weaken at this point and break with normal use. Fletcher  
(1980) described a me: lo d  for reinforcing the needle attachm ent flange. Cut the  
tip off of a 3 ml syringe (w ithout Luer-lok). Then cut the syringe at the 1.1 ml 
mark with a razor blade. Slide the  needle of the dart through the center hole and 
fit the barrel of the cut 3ml syringe snuggly over the Luer-lok of the dart. This  
m ethod distributes the force of im pact over the barrel of the dart and away from  
the needle attachm ent. The m odification increases dart life by preventing the  
needle attachm ent from  weakening excessively during normal use. Large darts, 
particularly the 10 ml size, tend to weaken at this point due to the weight of the  
increased volum e of drug.
The blowgun is a lm ost silent and hits with m inor impact, which reduces  
stress and virtually e lim inates traum a to the animal being drugged. The depth to  
which the needle penetrates the hide can be regulated by varying the length of the
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Tygon sleeve (Haigh and Hopf 1976). Shots that would normally be injurious or 
fatal to  an animal w hen using pow der charged equipm ent cause little concern  
w hen using a blowgun. Tw o snare-captured  bears that were accidentally shot in 
the ribs with the blowgun barely reacted to the plastic dart; imm obilization  
occurred w ithout com plications. Increased aggression induced by excessive noise, 
m ovem ent, and pain during injection causes increased drug induction tim e and 
decreases the  safety  margin for the operator and the bear. The blowgun virtually  
elim inated these problem s in the m ajority  of im mobilization attem pts in which it 
was used.
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Symbol
Abies lasiocarpa  
Larix  occidentalis  
Picea engelmannii 
Picea glauca  
Pinas contorta  
Pinas m onticola  
Popalas trem alo ides  
Popalus trichocarpa  
Pseadotsaga m enziesii  
Thuja p lica ta
Subalpine fir 
W estern larch 
Engelmann spruce  
White spruce  
Lodgepole pine 
Western white  pine 
Trem bling aspen  
Black cottonw ood  
D ouglas-fir  
W estern red cedar
ABLA
LAOCC
PIEN
PIGL
PICO
PIMO
POTRE
POTRl
PSME
THPL
SHRUBS
Ainas sinuata  
Am elanchier a ln ifo lia  
Arctostaphylos ava-ursi 
A rtem esia  tr id e n ta ta  
Berberis repens 
Comas sto lon ifera  
Crataegus doaglasii 
Lonicera involucrata  
Lonicera atahensis  
Rhamnas a ln ifo lia  
Ribes hadsonianam  
Rosa ac ica laris  
Rubas idaeas 
Salix  spp.
Sambucas racemosa  
Shepherdia canadensis 
Sorbas scopalina  
Vacciniam caespitosam  
Vaccinium globalare  
Vacciniam scoparium  
Vibernum edule
Sitka alder
Serviceberry
Kinnikinnik
Big sagebrush
Oregon grape
R ed-os ier dogwood
Hawthorn
Twinberry
Utah honeysuckle
Alder buckthorn
Ribes
Rose
Red raspberry  
W illow  
Elderberry  
Buffaloberry  
Mountain ash 
Dwarf huckleberry  
Globe huckleberry  
Grouse w ortleberry  
Highbush cranberry
ALSI
AMAL
ARUV
ARTR
BERE
COST
CRDO
LOIN
LOUT
RHAL
RIHU
ROAC
RUID
SALIX
SARA
SHCA
SOSC
VACA
VAGL
VASC
VIED
FORBS
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Allium  cernuum  
Angelica arguta  
Claytonia  lanceolata  
Equisetum arvense  
Equisetum  spp. 
Erythronium grandiflorum  
Fragaria  virginiana  
Heracleum  lanatum  
Hedysarum sulphur esc ens 
Lathyrus ochroleucus 
Osmorhiza chilensis 
Senecio triangularis  
Streptopus am plexifolius  
Taraxacum  o ffic iana le  
T rifo liu m  repens 
Um belliferae  
Veratrum  v ir ide  
V id a  am ericana  
Xerophyllum tenax
Wild onion 
Angelica
W estern springbeauty
Horsetail
Horsetail
Glacier lily
Wild strawberry
C ow  parsnip
Hedysarum
C re a m -f lo w er  peavine 
Mountain sw eet-c lce ly  
Arrow leaf groundsel 
Tw isted stalk 
Dandelion  
W hite clover 
U m bel
False hellebore  
Am erican vetch  
Beargrass
ALOE 
ANAR  
CLLA 
EQAR 
EQUI 
ERGR 
FRVI 
MELA 
HESU  
LAOC 
OSCH  
SETR 
STAM  
TAG F 
TRRE 
UMBEL 
VEVI 
VIAM  
XETE
GRASSES & SEDGES
Agropyron spicatum  
Calamagrostis rubescens 
C arex  spp 
Festuca idahoensis 
G ram lnae
M elica spectabilus
Bluebunch wheatgrass
Pinegrass
Sedges
Idaho fescue
Grasses
S how y oniongrass
AGSP
CARU
CAREX
FEID
GRAM
MESP
ANIMALS
Aves
Cervus elaphus 
Coleoptera  
Formicidae  
Odocoileus  spp 
Tetraonidae  
Ursus americanus  
U r sus arctos  
Vespidae
Bird
Elk
Moth
Ant
Deer
Grouse
Black bear
Grizzly bear
Hornet
AVES
CEEL
COLE
FORM
ODOC
TETR
URAM
URAR
VESP
Appendix B
Descriptive data on black bears captured during 1 9 8 0 -8 2 , North Fork of 
the Flathead River.
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Tag No. Date Sex^ Age^ Weight^ Color BIaz
396 3GMav80 M 6.5 65.9 Brown None
364 lOJulSO F 10.5 53.6 Brown None
80 1 lJulSO M 5.5 51.4 Brown None
82 14Jul80 F 16 5 46.8 Black None
86 17Jul80 M 3.5 33.6 Brown^ None
86" 1Aug80 M 3.5 34.1 Black None
455 lQSep80 M 1.5 29.5 Black None
456 23Sep80 F 2.5 30.9 Black Yes
86"* 26Sep80 M 3.5 Black None
456** 30Sep80 F 2.5 Black Yes
458 4O ct80 M 2.5 38.6 Black None
459 7Oct80 F 1.5 40.9 Black None
458* 180ct8Q M 2.5 38.6 Black None
458* 23Mar81 M 3.5 36.8 Black None
459* 24Mar81 F 2.5 36.4 Black None
396** 19May81 M 7.5 Brown None
551 18Jun81 M 7.5 73.2 Brown None
DBB** 5Jul81 M 9.5 70.5 Black None
553 l U u l S I F 12.5 34.1 Brown Yes
555 13JUI81 F 4.5 29.5 Black None
364* 27Jul81 F/3c 11.5 63.6 Brown None
558 30Jul81 M 10.5 76.4 Brown Yes
458** 12Sep81 :a 3.5 Black None
564 3Jun82 M 3.5 42.3 Black Yes
566 10Jun82 M 5.5 51-4 Brown None
564* 11Jun82 M 3.5 45.5 Black Yes
472* 12Jun82 M 2.5 27.3 Brown Yes
564* 13Jun82 M 3.5 45.5 Black Yes
F/c -  Fem ale w /cubs.
D eterm ined  from  tooth cem entum  layer counts.
Estimated (kg) from  chest girth m easurem ent using cattle weight tape. 
A ppeared brown due to bleaching of shedding coat.
Recapture.
Kill Report.
Appendix C
Visual observations of collared black bears. North Fork of the Flathead
River, 1 9 8 0 -8 2 .
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T ag # Sex^ Date Time^ Activity^ & Com m ents
82 F 12Jul80 15 Feed/Tearing logs & stumps
F/c 2Mav81 1 Feed/GRAM; 2 Cubs, Treed
31 Mav81 45 Feed/GRAM; Tearing logs. Treed
20Jun81 1 Trav/N. Fk. Trail, GNP, Treed
24Jun81 1 Feed/EQAR; Treed
2Jul81 3 Trav/Kintia Trail, FNF, Treed
" 3Jul81 10 Feed/Forbs; Cubs playing
" 8Jul81 2 Trav/KintIa Trail, FNF, Treed
lOJulSI 10 Feed/Forbs; Cubs feeding & playing
15JUI81 60 Feed/Tearing logs. Cubs playing
" 28Jul81 10 Feed/Forbs; Cubs feeding & playing
" 4Aug81 45 Feed/Forbs, SHCA; Cubs playing
F 15Aug81 1 Trav/Cubs not seen
" 17Aug81 1 Trav/Crossing N. Fk. Rd., Cubs not seen
F/c 23Aug81 10 Feed/SHCA, COST; Cubs feeding
" 24Aug81 15 Feed/SHCA, COST; Cubs feeding
" 5Sep81 5 Feed/COST; Cubs feeding
" 26Sep81 30 Feed/ARUV,BERE; Cubs feeding & playing
F 27Sep81 5 Feed/ARUV; Cubs not seen
F/v 21M ar82 45 Den/Lethargic but active
364 F/c 27Mar81 30 Den/Lethargic
" IB M ayS I 5 Feed/Tearing logs, 3 Cubs, Treed
" 15Jul81 10 Feed/Forbs, GRAM; Cubs playing
F 16Jul81 5 Feed/SHCA; Cubs not seen
F/c 17JUI81 1 Trav/On N. Fk. Rd.
" 27Jul81 1 Trav/Crossing N. Fk. Rd., Treed
" 3Aug81 10 Feed/SHCA; Tearing logs & stumps
" 4 0ct81 3 Feed/VAGL
458 M 23Mar81 30 Den/Lethargic
459 F 24Mar81 30 Den/Lethargic but active
551 M 15Sep81 1 Trav/A long Ketchikan Cr.
553 F/c 21M ar82 30 Den/Lethargic, No. Cubs unknown
 ̂ F/c -  Female w /cubs. F/y -  Female w /yearlings.
 ̂ Length of observation (min.) before bears treed or left area. 
 ̂ Feeding, Traveling or Denning.
Appendix  D
Physical data collected from  black bear dens. North Fork of the Flathead
River, 1 9 8 0 -8 2 .
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T ag # Sex^
Oen^
Type Ht?
%
Slope Asp.
Elev
(m)
Entrance  
Ht Wd
Cham ber  
Ht Wd Ln Nest
82 F/2c Tree 21.3 15 ESE 1238 71 65 85 71 76 No
" F/2y Tree 14.8 Flat - 1189 76 23 109 71 79 "
364 F/3c Gr. - 50 N 1671 - - - - -
" F/3y Cave - 120 E 1951 33 66 180 91 304 »
458* M Slash — 5 E 1256 31 43 38 64 140 Yes
52 69 51 79 127
459 F Gr. — 10 SE 1439 28 61 38 58 76 No
553 F/c Gr. - 100 NNE 1311 69 102 76 102 137 Yes
558 M Gr. _ 60 NE 1457 25 91 62 112 117 «
 ̂ F/c -  Female w /cubs, F/y -  Female w /yearlings.
 ̂ Tree -  Above ground. Cave -  Rock cave, Gr. -  Under b lowdown. Slash -  In 
slash/woodchip pile.
 ̂ Height (m) above ground of tree  cavities.
Den had 2 entrances and 2 chambers.
Appendix E
Physical data collected from  black bear beds. North Fork of the Flathead
River, 1 9 8 0 -8 1 .
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Tag No. Sex^ Slope(%) Aspect Elev(m) Wd(cm) Ln(cm) Nest^
82 F 10 E 1268 86 107 None
" " Flat - 1183 61 76
F/2c " - 1171 61 89
» " - 1171 61 79
" - 1171 58 84
" " - 1189 64 84
" - 1226 64 86
" 5 NE 1250 56 79
" 5 NE 1250 81 135
" Flat - 1250 69 102
" 5 ESE 1281 61 91
" Flat - 1232 71 102
F/2y » - 1189 114 147 Yes^
364 F/3c 5 E 1537 102 127 None
" 5 E 1537 135 160
« 15 E 1260 76 81
Flat - 1281 64 76
" - 1281 74 79
551 M 5 NE 1348 119 142
 ̂ F/c -  Female w /cubs, F/y - Female w /yearlings.
 ̂ Beds w ere  primarily natural depressions w /o  excavation or nest material.
Nest material consisted of bark, twigs, needles & miscellaneous debris.
Appendix F
Black bear scat analysis results, 1 9 8 0 -8 1 , North Fork of the Flathead  
River (n=363).
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Freq. Im port
Species No. % Tot.Voi. Vol.% % Com p Value
AMAL 27 7.44 456.0 1.26 16.89 0.09
ARUV 77 21.21 1898.0 5.32 24-65 1.11
BERE 67 18.46 740.0 2.04 1 1 0 4 0.38
COST 36 9.92 1043.0 2.87 28.97 0.28
CRDO 1 0.28 1.0 0.00 1.00 0.00
LOIN 5 1.38 17.0 0.05 3.40 0.00
RHAL 45 12.40 2100.0 5.79 46.67 0.72
ROSA 36 9.92 119.0 0.33 3.31 0.03
SHCA 104 28.65 3154.0 8.69 30.33 2.49
SOSC 1 0.28 7.0 0.02 7.00 0.00
VACA 75 20.66 1298.0 3.58 17.31 0.74
VAGL 46 12.67 3348.0 9.22 72.78 1.17
VASC 2 0.55 2.0 0.01 1.00 0.00
VIED 1 0.28 2.0 0.01 2.00 0.00
RIHU 10 2.75 25.0 0.07 2.50 0.00
Tot. Shrub 247 68.04 14212.0 39-15 57.54 26.64
ANAR 6 1.65 63.0 0.17 10.50 0.00
CLLA 1 0.28 92.0 0.25 92.0 0-00
FRVI 70 19.28 988.0 2.72 14.11 0.52
HELA 41 11.29 1793.0 4.94 43.73 0.56
LAOC 170 46,83 5100.0 14.05 30.00 6.58
OSCH 4 1.10 25.0 0.07 6.25 0.00
STAM 1 0.28 1.0 0.00 1.00 0.00
TAOF 50 13.77 3043.0 8.38 60.86 1.15
TRRE 9 2.48 241.0 0.66 26.78 0.02
UMBEL 1 0.28 1.0 0.00 1.00 0.00
VIAM 78 21.49 379.0 1.04 4.86 0.22
Tot. Forb 259 71.35 11764.0 32.41 45.42 23.12
GRAM 82 22.59 967.0 2.66 11.79 0.60
CAREX 1 0.28 2.0 0.01 2.00 0.00
GRAM /CAREX 22 6.06 1469-0 4.05 66.77 0.25
Tot. Gram 105 28.93 2438-0 6.72 23.22 1.94
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EQAR 73 20.11 1622.0 4.47 22.22 0.90
EQUI 3 0.83 94.0 0.26 31.33 0.00
LICHEN 1 0.28 1.0 0.00 1.00 0.00
Tot. EQUI 76 20.94 1717.0 4.73 22.59 0.99
CEEL 1 0.28 1.0 0.00 1.00 0.00
ODOC 20 5.51 290.0 0.80 14.50 0.04
URAM 53 14.60 86.0 0.24 1.62 0-03
UK Lg M am m 5 1.38 6.0 0.02 1.20 0.00
UK Sm M am m 2 0.55 97.0 0.27 48.50 0-00
Tot. M am m 78 21.49 480.0 1.32 6.15 0.28
ANTS 227 62.53 4854.0 13.37 21.38 8.36
VESP 5 1.38 1.0 0.00 1.00 0.00
COLE 1 0.28 1.0 0.00 1.00 0.00
Tot. Insect 231 63.64 4860.0 13.39 21.04 8.52
AVES 6 1.65 8.0 0.02 1.33 0.00
TETR 1 0.28 3.0 0.01 3.00 0.00
Tot. AVES 7 1.93 11.0 0.03 1-57 0.00
Tot Garbage 3 0.83 6.0 0.02 2.00 0.00
Tot. Debris 184 50.69 812.0 2.24 4.41 1.13
Appendix G
Descriptions of phenology stages.
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VEGETATIVE DEVELOPMENT
Bud Burst
Leaf Unfolding
(shrubs) green of new  leaves exposed betw een the w in ter scales 
but not unfolding, or Leaf Emerging (forbs, grass) leaves first 
appearance above ground
leaf straightening out from folded position held within the bud 
(shrubs) or during em ergence (forbs, grass).
V egetative  Grow th (shrubs, forbs, grass) stem, twig or leaf grow th and elongation.
Leaf M ature  (shrubs, forbs, grass) leaves have attained full size.
Leaf Color Change (shrubs, forbs, grass) leaves have changed color from that of the
mature leaf to brown, yellow or red.
Leaf (shrubs) leaves are shed, or Leaf W ithered (forbs) leaves lose 
turgor and w ilt or droop, or Leaf Cured (grass) leaves dried.
FLORAL DEVELOPMENT
Boot Stage  
Flower in Bud
Flower Bloom
(grass) f low er stalk still in sheath.
(shrubs) appearance of floral bud to blooming, or F lower Stem  
Elongating (forbs) appearance of floral bud on elongating stem  
to blooming, or Head Stage (grass) f low er stalk em erg ing  from  
sheath.
(shrubs, forbs, grass) period during which petals are open and /or  
pistils and stamins are visible.
F low er Past B loom (shrubs, forbs, grass) petals, pistils and stamins w ithered and /or
dropped.
FRUIT/SEED DEVELOPMENT
Ovary Swelling (shrubs, forbs, grass) ovaries increasing in size but remaining
green in color.
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Ovary Color C hange
(shrubs, forbs) color of ovary changing from green to color of 
ripe fruit, or Seed Doughy (grass) seed spongy to the touch
Fruit/Seed Ripe (shrubs, forbs, grass) ovary mature, color of ripe fruit w ith  no
further grow th occuring, or seed hard to the touch.
Fruit O v e r-r ip e /S e e d  Cast
(shrubs, forbs, grass) m ature  fruit drying, shrivaling and usually  
darkening in color, or the seed is cast.
A ppendix H
Phenology data for 22 perm anent plots (1 9 8 0 -8 2 ) ,  North Fork of the  
Flathead River.
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Appendix I
Descriptions of generalized habitat com ponents.
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Com ponent
1 -Timbered
2 Cut
Description
Timbered site with > 6 0 %  canopy coverage.
Open or variously tim bered site on which tim ber has been 
harvested; clear cut, salvage, seedtree, etc.
3-Timbered Shrubfield
Site with 30 to 60%  canopy coverage with shrubs as the 
dominant understory species.
4 Shrubfield  
B.Sidehlll Park
6-Snowchute
7 Creek Bottom
8.W et M eadow
9.Dry M eadow
10.Talus/Scree  
11 Road
Sparcely tim bered (< 3 0 % )  or open site dominated by shrubs.
Sparcely tim bered (< 3 0 % )  or naturally open slope dom inated by 
forbs and graminoids.
Steep, linear, concave site dominated by shrubs, forbs and 
graminoids; maintained in early successional stages by periodic 
snow m ovem ent.
Ephemeral or perennial hydrologically active site; can be open or 
timbered.
Naturally open, concave moist site dominated by mesic forbs 
and graminoids.
Naturally open, convex dry site dominated by xeric forbs and 
graminoids.
Steep unstable slopes covered with loose rock fragm ents  of 
variable size and composition.
Disturbed, open sites which have been cleared and graded and 
are open to vehicular traffic use.
Appendix J
C A M B IU M  FEEDING BY A FEMALE BLACK BEAR IN NO RTHW ESTERN  
M O N T A N A
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Bears feed on the cam bium  layer of trees during the spring and early  
summer. In m ost cases the bark is loosened near the base of the trunk and peeled  
upward exposing the inner sapwood. D am age has been reported on redw oods  
{Sequoia semper^irens)  up to 80ft above the ground (Glover,1955). Strands of bark 
usually rem ain hanging from the top of the peeled area. The cam bium  is then  
scraped off w ith the incisors leaving vertical grooves on the trunk. Horizontal 
grooves som etim es  appear at the base of the trunk and on exposed roots.
Vigorous, fast grow ing trees are preferred (Lutz, 1951; Poelker and Hartwell, 1973).
The extent of dam age to the tree m ay be determ ined by the percent bole  
circum ference that has been stripped of bark (Watanabe, 1980). Girdled trees  
eventually die, while others may becom e suseptable to disease and rot. 
Presumably, the  grow th rate of injured trees is reduced (Watanabe, 1980), how ever,  
Molnar and M cM inn (1960) indicated that bear-caused  scars were of such a nature  
that decay is limited.
Cam bium  feeding by bears has been reported in Alaska (Lutz, 1951), British 
Columbia (M olnar and McMinn, 1960; Ketter, 1980), California (Glover, 1955), Japan  
(Furubayashi et al., 1980; Watanabe, 1980), Maine (Zeedyk, 1957), Montana (Tisch, 
1961; Jonkel and Cowan, 1971), Oregon (Maser, 1967), Quebec (Ray, 1941), and 
Washington (Resner, 1953; Poelker and Hartwell, 1973; Barber, 1983). Erskine (1976) 
attributed a concentrated area of dam age to white spruce trees (Picea glauca)  in 
Quebec to  adverse weather; presum ably violent winds bending the trees and
causing the bark to peel from  the base of the trunk. However, Jorgensen and
Erskine (1984) attributed the damage to  lightning strikes. They believe that bear  
dam age was done subsequent to the debarking of the trees by lightning. Bears 
used primarily conifers in all the studies reviewed.
In areas w here  bear use conflicts w ith intensive tim ber m anagem ent, control 
programs have been initiated to minimize tree dam age (Poelker and Hartwell, 1973; 
Furubayashi et al., 1980; W atanabe, 1980). Lawrence (1979) and Poelker and 
Parsons (1980) discuss the use of recreational hunting as a tool to control bear  
damage by properly  set seasons in affected areas. This is a desirable m an ag em en t  
tool and Poelker and Parsons (1980) discuss the results of 3 years of study in 
W ashington using special spring seasons in areas of extensive bear damage.
This paper presents data gathered in June 1981 from a radio-collared fem ale  
black bear (No. 364) in the North Fork of the Flathead River (NFFR) drainage of 
northwestern Montana. These data w ere  collected incidental to other field w ork  in 
June 1981. They should be viewed as preliminary, with limited application due to  
small sample sizes.
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S T U D Y  AREA
General Description
The study area includes part of the Flathead National Forest (FNF), Glacier  
National Park (GNP), and SE British Columbia (BO), Canada. The NFFR Valley is 
bordered by the Whitefish Range to the west and the Livingston Range to the east 
in GNP. S pruce-flr  {Picea engelmannii /P, glauca-Abies lasiocarpa) forest 
dom inates the area; extensive stands of lodgepole pine {Pinus contorta)  occur due  
to past wildfires. A severe m ountain pine beetle {Dendroctonus ponderosae) 
infestation in the late 1970's has killed many of the lodgepole pine in the Valley 
(US DA For. Serv., 1980). Quaking aspen (Populus tremuloides)  and black 
cottonw ood (P. tr ichocarpa)  occur on moist sites. The climate is influenced by 
Pacific M aritim e weather. Precipitation averages 24.3in /yr at Polebridge, Montana, 
22 miles south of the International Border (1 9 6 2 -1 9 8 2  data com piled from  
Climatological Data Annual Sum m aries, Montana. NCAA National Climatic Data 
Center, Asheville, N. Carolina). Snow  can occur in any m onth of the  year but 
usually persists from N ovem b er through April In the Valley. Floodplain elevation at 
the Border is 3982ft.
Stand description
Tree damage was located in the FNF approximately 2 miles w est of the NFFR. 
The stand was approxim ately 4500  to  4800ft in elevation on a no rtheast-fac ing  
slope. A random sample shows that approximately 40%  of the trees in the stand 
w ere  killed by mountain pine beetle. Eighty four percent of the lodgepole pine in 
this sample were beetle killed (Table J -1 ).  Table J-1  shows percent stand 
com position by species and percent beetle killed lodgepole pine for the tw o  
samples taken. Figure J -1  shows stand composition and beetle kill by DBH class. 
Species com position of live trees by DBH class are presented in Figure J -3 .  The  
stand was < 7 0  years old due to  the 1910 wildfire. The extensive beetle  kill has 
opened up the canopy in m uch of the stand, stimulating understory shrub and forb  
growth.
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M ETH O D S
Bear No.364 was radio-tracked in the area during June 1981. On two  
occasions she was heard ripping the bark off of trees but no observations of
actual feeding behavior w ere  obtained. She was observed with 3 cubs during the
1981 field season. No other bears were observed in the area during the feeding  
period. In order to avoid disturbance to the family group, stand data were collected  
during periods w hen they w ere  not in the im m ediate  area.
Tw o  samples w ere  taken in the stand (BEARFED and RANDOM). The 8EARFED 
sample included 49 trees that were located with fresh bear feeding activity. The 
species, DBH, height of stripped bark and percent circum ference of bole stripped  
were recorded for each individual tree. The distance to  its nearest neighbor that 
had been fed on in 1981 was also recorded. Using the bear damaged tree as the
center point, the distance to its nearest neighbor, > 4 in  DBH, in each major
quadrant (NE,SE,etc.) was measured (Po int-Centered  Quarter Method) (Barbour et 
al., 1980). The species, DBH and bear use w ere  recorded for the 4 trees. The cause
of death was determ ined for dead trees; trees used by bears before 1981 were
recorded as such. N ineteen trees were duplicated in the sample.
Tw enty nine trees w ere  measured in the RANDOM sample. I ran a transect  
through the stand in the direction indicated by a pencil that was tossed into the 
air and let hit the ground (Hays et al., 1981). At 50ft intervals, the closest tree to
the observer was m easured and used as the center point. Four trees were
measured from  the center point and the data w ere  recorded as in the BEARFED 
sample. Trees < 4 in  DBH w ere  excluded from  the sample because none w ere  found 
to be used by bears, although Ketter (1980) did find some trees of this size that 
were used by bears north of the study area.
RESULTS
In June 1981 a radio collared fem ale black bear (No 364) was found to be 
feeding on the cam bium  of trees in the NFFR study area. On 2 occasions she could 
be heard ripping the bark off trees, but no observations of feeding behavior were  
made. Data w ere  collected on 49 trees that she used and on 177 others. A 
random sample was also obtained.
A total of 245 trees were measured in the BEARFED sample, 19 of which  
were duplicates. Fourty nine trees were fed on by black bear No.364 in 1981. 
However, no scats containing cambium were found in or adjacent to the stand, 
therefore the scat analysis data show no indication of cambium use (Appendix I).
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The BEARFED sample is com posed primarily of subalpine fir, 
e n g e lm an n /w h ite  spruce and lodgepole pine. However, 71.2% of the pine (23.0%  
of the stand) in the sample was killed by pine beetle (Table J -1). The m ajority  of 
dead pine (92.3%) were in the 8 -1 6 in  DBH classes (Fig. J -1). Seven trees w ere  fed 
on before 1981 and were later killed by beetles. These trees were  considered alive 
for the analysis.
W estern  larch {Larix occidentalis) received the highest percentage of feeding  
activity (81.8% ) of the live trees available to bears in the sample, fo llowed by pine 
(53.6%), spruce (46.2%) and fir (22.1%). Bears killed 72.7% of the larch and 10.8% of 
the spruce that w ere  attacked. The spruce were killed by bear No.364 in 1981, 
whereas m ost of the larch w ere  killed before 1981 and were not available in 1981 
(Table J -1 ).
Bears fed on 38.1% of the live trees in the BEARFED sample and killed 10.5%. 
Bear No.364  killed 6.4% of the sample in 1981 (Table J-1). A total of 44.2%  of the  
live trees in the sample were in the 8 -1 2 in  DBH class; bears used 36.3%  and killed 
20.0% of the trees in this class (Fig. J -2 ).  Use of tree species by DBH class is 
presented in Fig. J -3 .
The distance from a dam aged tree to the next nearest dam aged tree was  
measured for trees used in 1981. Tw en ty  nine percent of the sample fell in the  
10-20ft category, while 25%  w ere  > 50ft (Figure J-4).
The height of debarking above ground level was measured on trees used in 
1981 (Figure J -5 ). Fourty percent of the sample was stripped 5 0 -70 in  (m ean=57)  
above the ground. The m axim um  height of stripped bark was 103in.
The percent bole c ircum ference debarked in 1981 is presented in Figure J -6 .  
Twenty five percent of the sample fell into the 9 0 -1 0 0 %  group; only 1 tree in this 
category w as not girdled. The 2 0 -3 0 %  group contained 18% of the sample, while  
the remaining groups had < 1 0 %  each. The mean bole c ircum ference stripped, 
excluding girdled trees, was 47%.
The RANDOM sample contains 145 trees, and is considered m ore
representative of the entire stand than the BEARFED sample in spite of its sm aller
sample size. The stand is dom inated by pine (51.7%); however, 84.0% of the pine,
or 43.4% of the total stand, w ere  beetle  killed (Table J-1). Most of the beetle killed
pine (87.3%) w ere  in the 8 -1 6 in  DBH classes (Fig. J-1). One tree  was fed on by 
bears and then beetle killed. Spruce m ade up 45.1% of the live trees in the stand. 
Fir and live pine were less com m on in the stand making up 18.3% and 15.7% of 
the total trees respectively (Table J-1 ).
Table j - i  Stand composition, bee t le  k i l l  and bear use o f  a t imber stand,  as determined by two data samples,
BEARFED SAMPLE
% Beet le % Comp. % Live t rees % L ive trees % L ive trees
Subalpine f i r  
Engelmann/Whlte 
spruce 
Lodgepole pine 
Western Larch 
Quaking Aspen 
Douglas f i r  
Black cottonwood 
Stand Totals
Subalpine f i r
Engelmann/Whlte
spruce
Lodgepole pine
Western Larch 
Quaking Aspen
Douglas f i r
Black cottonwood
Stand Totals
30.1 (68) - - 37.6 (68) 22.1 (15) 4 .4 (3 ) 4 . 4 (3 )
28.8 [65) 35.9 (65)_ 46 .2 (30) 10.8 (7 ) 10.8 (7)
32.3 73] 71.2 (52) 15.5 (28 r 53.6 15 3.6 (1) -4 .9 11 - 6.1 In 81.8 ( 9) 72.7 (8 ) 9 .1 (1)
3 .9 9
- -
4 .9 ( 9)
- - -
100.0 (226) (52) 80 .1 (181)9 3Ô.1 (69) 10.5 (19) 6 .4 (11)
- RANDOM SAMPLE
'
10.3 15] 18.3 (15| . •
25.5 Î37! - • 45.1 |37 2 .7 ( 1) 2 .7 ( 1) - -
51 .7 (75) 84 .0 15.7 (13] 15.4 ( 2) 7 .7 ( 1) - -
4 . 8 7] 14.3 1 1) 7.4 6 - - - - - -
2 .8 4 - 4 .9 ( 4̂ - - - - - -  ■
2.1  ( 3) - - 3.7 ( 3) 33.3 ( 1) 33.3 ( 1) - -
2 .8 4) - - 4.9 - • • * - -
100.0 145) 43.4 (63) 56.6 Î82
A
* 4 .9 ( 4) 3 .7 ■ 3 7 ~ - -
(BEARFED) and 1 (RANDOM) Pico fed on and l a t e r  k i l l e d  by pine b e e t le .  Considered a l i v e .
Western Larch dead from unknown causes.
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Figure  J - i :  Stand com position  and b e e tle  kill (%) of PICO by DBH classes.
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Figure J-2: Trees fed on and killed (%) by bears by DBH classes
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Figure J-3: Bear use (%) of individual tree species by DBH classes.
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Only 4 trees in the sam ple w ere  used by bears. None were used in 1981. 
Two pine, 1 spruce and 1 D o u g la s -f ir  (Pseudotsuga menziesii)  were used; 3 were  
girdled, the  fourth was beetle killed. A total of 4.9% of the live trees in the stand 
was used and 3.7% was killed by bears (Table J-1). There were no trees > 1 6 in  
DBH in the sample and the bear-k illed  trees were evenly distributed in the 3 DBH 
classes represented (Fig. J -2 ).
D IS C U S S IO N
The mountain pine beetle  has had a significant influence on stand 
com position. The RANDOM sample is dominated by pine, but spruce is the  
dom inant live tree. Four trees used by bears showed up in the sample with none  
of those used in 1981 being represented. Bear-killed trees made up only 3.7%  of 
the total stand.
The BEARFED sample was determ ined by trees used by bear No.364 in 1981. 
The sam ple was dominated equally by pine, spruce and fir, but the dom inant live 
trees w e re  spruce and fir. Of the m ore com m on live trees in the stand, pine had 
the highest use, followed by spruce and fir. Spruce was killed most often and all 
the kill occurred in 1981. W estern  larch was not a com m on species in the stand 
but bear use was highest (81.8%) on this species.
In June 1980 a collared male black bear (No.396) was located in an old 
clearcut at M oose Creek. Subsequent examination of the area revealed fresh 
cam bium  use on larch and pine in the 4 -8 in  DBH class. Two of 4 pine and 4 of 7 
larch w e re  girdled. Another location on 21 June 1980 at Red M eadow  Creek
revealed the use of spruce in the 8 - 1 2in DBH class. Aspen and cottonw ood were  
the only c om m on species not used by bears in the study area, although both 
species have been reported as being used by bears (Lutz, 1951; Poelker and
Hartwell, 1973).
Based on field observations it appeared that bear No.364 used small pockets  
of trees, separated by re latively  large areas of unused timber. Slightly mesic  
m icrosites contained predom inantly  spruce and fir, species not affected by pine 
beetle. Large areas of predom inantly  dead pine were virtually unused except for 
an occasional larch or live pine. This pattern is illustrated in Fig. J -4 .  The
m easured distance betw een dam aged trees shows the highest percent in the
1 0 -2 0 ft  range (29%) followed by 25%  in the > 5 0 f t  range, in this stand, the 
m ountain pine beetle was the prim ary factor determining the availability of trees  
and subsequently  bear use patterns.
Bears have been reported to strip the bark off trees as high as 3 0 -8 0 f t  above
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F igure  J -4 : D istance betw een  trees that were fed on by bears in 1981
Figure  J -5 :  Height of peeled bark on trees fed on in 1981
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Figure J-6: Percent circumference of stripped bark on trees fed on in 1981
150
the ground (Fritz, 1951; Levin, 1954; Glover, 1955; Tisch, 1961; Maser,1967; Poelker 
and Hartwell, 1973). The m axim um  height of stripped bark found in this study was  
103in (Figure J -5 );  the mean height was 57in above the ground. It appears that  
the height to which the bark is stripped is determined primarily by the ability of 
the bark to  rem ain intact as it is being peeled upward by the bear. In many cases, 
much of the h igher portions of the stripped areas showed no signs of feeding; 
they w ere  out of her reach unless she climbed the tree. Most trees, especially  
spruce and fir, had limbs down to the ground, but no evidence was found that  
bears clim bed to  use the cambium.
W atanabe (1980) reported that bark stripping of > 5 0 %  of the bole 
circum ference caused signs of distress to appear on some trees. Stripping of 
> 6 0 %  of the bole caused a definite lack of vigor that may predispose the trees to 
disease and decay. Girdled trees eventually die but the effects of partial stripping  
is unknown at present. Poelker and Hartwell (1973) studied fungi in bear dam aged  
trees but could not make definite conclusions as to their effects on tree growth. 
Childs and W orth ington  (1955) believe that the  dam age inflicted by bears is slight 
(from Maser, 1967), In this study, 57%  of the trees used in 1981 had > 5 0 %  of the 
bole debarked; 23%  were girdled (Figure J-6 ).
No trees < 4 in  DBH were found to be used by bears in this study, although  
others have reported  their use (Poelker and Hartwell, 1973, Bumgarner, et al., 1979; 
Ketter, 1980; Barber, 1983). A lthough use has been reported on trees from pole size 
to 30in DBH (Fritz, 1951), m ost studies indicate that use was concentrated in the  
in term ediate  DBH classes (Lutz, 1951; Levin, 1954; Glover, 1955; Tisch, 1961; 
Poelker and Hartwell, 1973; Furubayushi, et al., 1980; Watanabe, 1980). Trees in the 
8 -1 2 in  DBH class dominate the stand in this study and were the m ost heavily used 
diam eter class (Fig. J-1). Preference for certain diameter classes is probably  
related to stand age and availability.
In Alaska, Lutz (1951) reported that black bears preferred white spruce (Picea 
glauca) of rapid growth, and relatively smooth, thin bark. Poelker and Hartwell 
(1973) reported that faster growing, m ore vigorous trees were preferred. In Quebec, 
Ray (1941) reported  that > 9 0 %  of a balsam fir (Abies balsamea) stand was lost to 
bear dam age a fter hardwoods w ere  girdled, effectively opening the canopy (from  
Lutz, 1951). In m y study area, the extensive beetle kill has opened the canopy, 
stimulating g ro w th  in the surviving pines and other species not suseptable to 
beetles. The rapid growth of these trees m ay act as an attractant to bears that  
have learned to use cambium as a food source, although how bears m ight locate  
such a site is unclear.
Radwan (1969) studied the chemical com position of cambium in 4 species of 
trees used by bears in Washington. He found that the total sugars were highest 
and ash content was lowest in Douglas fir, the species preferred by bears. The
1 5 1
chemical composition of cam bium  did not vary significantly within species
betw een an area of high bear use and one of very little use, therefore he 
concluded that chemical coposition alone could not explain cambium feeding. 
Analyses done by Poelker and Hartwell (1973) show that the sugar content of 
Douglas fir cambium is higher than that of red huckleberry fruit {Vaccinium  
parvifolium).  The high sugar content of cam bium  in some tree species m ay be an 
attractant to bears (Bacon and Burghardt, 1983). Acuce olfactory senses could aid 
in locating preferred trees (Bacon and Burghardt, 1976).
Not all bears use cam bium  as a food source. In my study only 2 radio 
collared bears showed any evidence of cam bium  feeding. Lutz (1951) believed that 
it is a trait that is aquired by watching other animals, and Fritz (1951) suggested  
that it is learned by cubs from their m other. My observations of bear No.364  
concur w ith  Fritz (1951). In 1981 she w as accompanied by 3 cubs. M any of the  
trees on which she fed had small vertical and horizontal grooves in the exposed  
sapwood at the base of the trunk and on exposed roots. These marks were
distinctly different from those made by the adult and appear to be attem pts by the  
cubs to m im ic their m other while learning to use a new food source. The food  
habits of bear No.364 and her cubs, as determined by scat analysis, show  
remarkable similarities in the m ajor food items consumed (Fig. 2 -1 0 , Chapter 2), 
indicating that food preference may be learned largely through mimicry.
Lauckhart (1955) theorized that bears use trees because of low  food  
availability in spring and early sum m er in the Northwest. Furubayashi, et al. (1980) 
attributes the increase of bear dam age to  M an-m ade  forests in Japan to the  
increase in clearcutting of natural forests and the resulting decrease in the bears 
natural food supply. Scheffer (1952) suggested that trees w ere  a m ajor seasonal
food source of bears in the Puget Sound area of Washington. In this study,
cam bium  was found to be a m inor food item  used by a few  bears. The activity was  
limited to June in 1980 and 1981. Bears that have learned to feed on cam bium  will 
probably use it w hether alternate foods are available or not.
Although local areas may receive heavy cambium use, it is apparent that  
bear dam age to conifers in Montana is of little economic concern. Ketter (1980)  
estim ated the losses to bears at betw een  $0.04 and $0.14/acre in BC just north of 
my study area. In local areas w here  m ore  extensive damage occurs, the problem  
may becom e serious and should be studied further.
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